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Abstract

During fungal surveys between 2012 and 2014 in pine-dominated forests of the western Himalayas in Pa-
kistan, several collections of Pseudosperma (Agaricales, Inocybaceae) were made. These were documented,
based on morphological and molecular data. During this work, three new species came to light, which
are here formally described as Pseudosperma brunneoumbonatum, B pinophilum and P triacicularis. These
species belong in the genus Pseudosperma fide Matheny et al. (2019) = Pseudosperma clade fide Matheny
(2005) = Inocybe sect. Rimosace s.s. fide Larsson et al. (2009). Macro- and micro-morphological descrip-
tions, illustrations and molecular phylogenetic reconstructions of the studied taxa are provided. The new
species are differentiated from their close relatives by basidiospore size and colouration of basidiomata.
Molecular phylogenetic relationships are inferred using I'TS (ITS1-5.8S-ITS2), nrLSU and mtSSU se-
quence data. All three newly-described taxa likely share an ectomycorrhizal association with trees in the
genus Pinus. In addition, five names are recombined in Inosperma, Mallocybe and Pseudosperma. These
are Inosperma vinaceobrunneum, Mallocybe erratum, Pseudosperma alboflavellum, Pseudosperma friabile and
Pseudosperma neglectum.
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Introduction

Inocybe (Fr.) Fr. (Agaricales, Inocybaceae) in the broad sense (sensu lato) is a highly
diverse, ectomycorrhizal genus comprising about 735 known species worldwide (Ullah
etal. 2018). Inocybe has a widespread distribution and is found commonly in temper-
ate areas and, to a lesser extent, in the tropics (Matheny et al. 2009, Bougher et al.
2012, Matheny et al. 2012). Multi-locus phylogenies of the Inocybaceae by Matheny
etal. (2002, 2009) and Matheny (2005) have confirmed that the family is monophy-
letic. Matheny (2005, 2009) recognised seven major clades within the Inocybaceae;
clade names were given with a suggestion to recognise each informally at the generic
rank within the family.

Inocybe section Rimosae sensu stricto (fide Larsson et al. 2009, = clade Pseudosper-
ma fide Matheny 2005), traditionally placed in subgenus Inosperma (Kuyper 1986,
Kobayashi 2002), is one of the seven major clades in the Inocybaceae. Species of this
clade are typically characterised by a rimose pileus surface; furfuraceous to furfura-
ceous-fibrillose stipe; absence of metuloids and pleurocystidia; smooth, elliptical to
indistinctly phaseoliform basidiospores; and cylindrical to clavate cheilocystidia. Un-
like species in clades Mallocybe and Inosperma (fide Matheny 2005) and the genera
Auritella Matheny & Bougher and Zibariomyces Esteve-Rav. & Matheny, all of which
also lack pleurocystidia, the basidia of species in the Pseudosperma clade are hyaline
and not necropigmented. The Nothocybe clade is represented by only one species, /.
distincta K.P.D. Latha & Manim. This species also lacks pleurocystidia and can be dif-
ferentiated based on molecular phylogenetic data (Latha et al. 2016). Some lineages in
the Pseudosperma clade are composed of multiple cryptic species (Ryberg et al. 2008)
and they form ectomycorrhizal associations with a broad range of host trees, both gym-
nosperms and angiosperms (Kuyper 1986, Stangl 1989, Jacobsson 2008).

Based on a six-locus phylogeny of the family /nocybaceae, Matheny et al. (2019)
formally proposed genus names for the different clades: /nocybe sensu stricto, Inosperma
(Kithner) Matheny & Esteve-Rav. (elevated from subgenus-level), Mallocybe (Kuyper)
Matheny, Vizzini & Esteve-Rav. (elevated from subgenus-level), Nothocybe Matheny &
K.PD. Latha and Pseudosperma Matheny & Esteve-Rav., in addition to Auritella and
Tubariomyces that were previously described. The authors decided to provide a formal
generic system to name the different clades, because this allows better communication
and provides the taxonomic precision needed for conservation issues and identification
of biodiversity hot spots.

During an investigation of ectomycorrhizal fungi associated with pine species in
Pakistan, three species of Pseudosperma with affiliation to sect. Rimosae s.s. were col-
lected in the vicinity of pure stands of Pinus roxburghii Sarg. and R wallichiana A.B.
Jacks. The species were documented, based on morphological and molecular phyloge-
netic data. In this paper, we describe these taxa as new species, 2 brunneoumbonatum,
P pinophilum and P, triaciculare. This is the first study in which a combination of mor-
phological and multi-locus phylogenetic data was used to describe species of Inocybe
sensu lato in sect. Rimosae s.s. — now genus Pseudosperma — from Pakistan.
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Material and methods

Morphological studies

Basidiomata were collected, described and photographed in the field. Colours were
compared to the Munsell Soil Color Charts (1975) guide. Collections were dried using
a food dehydrator (at 39 °C for 7-9 hours). Microscopic characters were observed in
the laboratory using hand-cut sections of basidiomata mounted in a 5% aqueous solu-
tion of potassium hydroxide (KOH) and in Congo red. Micromorphological analysis,
photographs and measurements were made, using an Olympus BX40 light microscope
with Olympus XC50 digital camera and Microsuite special edition software 3.1 (Soft
imaging solutions GmbH). Thirty basidiospores were measured from each collection
cited. Measurements include the range with extremes provided in parentheses. Q val-
ues (length/width ratios) and mean values (average basidiospore length and width) are
also provided. Line drawings were made with a Leitz camera Lucida (Wetzlar, Ger-
many). Collections of the newly-described species are deposited at LAH (University
of the Punjab Herbarium, Lahore) and FH (Farlow Herbarium, Harvard University).

DNA extraction, PCR amplification and DNA sequencing

Genomic DNA was extracted from a 20 mg piece of dried tissue by a modified CTAB
method (Lee et al. 1988). Loci examined during this study include the complete ITS
region (ITS1-5.85-ITS2) of the nuclear ribosomal RNA gene (hereafter ITS), the
first ca. 900 bp of the nuclear 28S rRNA gene (nrLSU) and the mitochondrial small
subunit rRNA gene (mtSSU).

Primers used for amplification were: ITSIF (Gardes and Bruns 1993) and ITS4
(White et al. 1990) for ITS; LROR and LR5 for nrLSU (Vilgalys and Hester 1990);
and MS1 and MS2 for meSSU (White et al. 1990). The amplification reaction mixture
contained 2.5 pl Econo buffer, 0.5 pl dNTPs, 1.25 pl each primer, 0.125 pl Econo Tag,
14.375 pl of deionised water and 5 pl of template DNA. Thermal profile of PCR for ITS
was initial denaturation at 94 °C for 1 min.; then 35 cycles of denaturation at 94 °C for 1
min, annealing at 53 °C for 1 min and extension at 72 °C for 1 min; and final extension at
72 °C for 8 min. For nrL.SU: 94 °C for 2 min; then 40 cycles of 94 °C for 1 min, 52 °C for
1 min and 72 °C for 1:30 min; and 72 °C for 5 min. For mtSSU: 95 °C for 10 min; then
30 cycles of 95 °C for 30 sec, 52 °C for 30 sec and 72 °C for 40 sec; and 72 °C for 7 min.

PCR products were run on 1% agarose gel, stained with ethidium bromide and bands
were visualised under a UV transilluminator. Amplified PCR products of the ITS region
were sent for purification and bidirectional sequencing to Macrogen (Republic of Korea).
PCR products of 28S and 16S were purified using QIAquick PCR purification kit (Qia-
gen, Stanford, California) as per manufacturer’s guidelines and sequencing reactions were
performed using the Big Dye Terminator v3.1 Cycle Kit (Life Technologies, Carlsbad,
California). Sequencing was carried out using the same primers as those used for PCR.



4 Malka Saba et al. | MycoKeys 69: 1-31 (2020)

Sequence alignment and phylogenetic analysis

Sequences were manually edited and assembled in BioEdit v7.2.6 (Hall 1999). Generated
ITS sequences were trimmed with the conserved motifs 5~CATTA- and -GACCT-3
(Dentinger et al. 2011) and the alignment portion between these motifs was included in
subsequent analyses. BLASTn searches were performed in NCBI GenBank. Three data
matrices for phylogenetic inferences were prepared: a concatenated ITS—nrL.SU-mtSSU
dataset of Rimosae s.s. and Inosperma clades (dataset #1); a concatenated I'TS—nrLSU-
mtSSU dataset of Rimosae s.s. subclade A (dataset #2); and an extended nrLL.SU dataset
of Rimosae s.s. subclade A (dataset #3). We applied the clade names used by Larsson et
al. (2009) in the methods and results sections to maintain consistency and clarity.

Sequences were downloaded from NCBI GenBank (https://www.ncbi.nlm.nih.
gov/genbank/). The majority of sequences were generated in the studies of Larsson et
al. (2009) and Ryberg et al. (2008), complemented by nrL.SU sequences from more re-
cent papers and our newly-generated sequences (details and references in Table 1). Se-
quences were aligned by locus (ITS+nrLSU, mtSSU) using Muscle v3.7 (Edgar 2004),
available in the Cipres Science Gateway (Miller et al. 2010). Ambiguously-aligned
regions were detected and removed using trimAl v1.3 (Capella-Gutiérrez et al. 2009),
with the following parameters: 60% gap threshold, 50% minimal coverage. The ITS1,
5.8S, ITS2 and nrLSU loci were extracted from the aligned ITS+nrLSU dataset. This
allowed us to select substitution models for each region, which is important because
there are different rates of evolution within and amongst these components and rDNA
loci (e.g. Hillis and Dixon 1991, discussion in Haelewaters et al. 2018).

The data for each locus were concatenated in MEGA7 (Kumar et al. 2016) to
create matrices of 2537 bp with sequence data for 123 isolates in the Rimosae s.s. and
Inosperma dataset (#1); and of 2561 bp for 50 isolates in the Rimosae s.s. subclade A
dataset (#2). The nrLSU dataset (#3) consisted of 1383 bp for 62 isolates belonging to
Rimosae s.s. subclade A. Alignments generated during this study are available for down-
load in NEXUS format from the figshare online repository (https://doi.org/10.6084/
m9.figshare.c.4701338). Nucleotide substitution models were selected for each locus
(ITS1, 5.8S, ITS2, nrLSU, mtSSU) using jModelTest2 (Darriba et al. 2012) by con-
sidering the Akaike Information Criterion (AIC). For both concatenated datasets #1
and #2, models were selected for ITS1, 5.8S, ITS2, nrL.SU and mtSSU; for dataset
#3, the best model was selected for nrL.SU. Maximum likelihood was inferred for each
dataset under partitioned models using 1Q-tree (Nguyen et al. 2015, Chernomor et
al. 2016). Ultrafast bootstrapping was done with 1000 replicates (Hoang et al. 2017).

Results

Nucleotide alignment datasets and phylogenetic inferences

Concatenated dataset #1 consisted of 2537 characters, of which 1448 were constant
and 841 were parsimony-informative. A total of 123 isolates were included, of which
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Naucoria bohemica Velen., N. salicis PD. Orton and N. submelinoides (Kithner) Maire
(Agaricales, Hymenogastraceae) served as outgroup taxa. The following models were
selected by jModelTest2 (AIC): TIM2+1+G (ITS1, -InL = 6194.8143), TPM2+I (5.8S,
-InL = 445.7026), GTR+G (ITS2, -InL = 4445.9240), TIM3+1+G (nrLSU, -InL =
10227.1599) and TVM+I+G (mtSSU, -InL = 4034.3342). Concatenated dataset #2
consisted of 2561 characters, of which 2026 were constant and 399 were parsimony-
informative. A total of 50 isolates were included, of which P obsolerum (Romagn.)
Matheny & Esteve-Rav. and P perlatum (Cooke) Matheny & EsteveRav. (Rimosae s.s.
subclade B, fide Larsson et al. 2009) served as outgroup taxa. The following models
were selected by jModelTest2 (AIC): TPM2uf+G (ITS1, -InL = 2070.5127), TrNef
(5.8S, -InL = 261.9437), TPM1uf+1+G (ITS2, -InL = 1683.9167), TrN+I+G (nrLSU,
-InL = 4608.2667) and TIM2+G (mtSSU, -InL = 1758.7165). Finally, dataset #3 con-
sisted of 1383 characters, of which 1091 were constant and 205 were parsimony-
informative. A total of 67 isolates were included, again with V. bohemica, N. salicis and
N. submelinoides as outgroup taxa. For this single-locus dataset, the TrIN+I+G model
gave the best-scoring tree (nrLSU, -InL = 5708.4547).

Six strongly supported clades (referred to as subclades A to F fide Larsson et al.
2009) and two additional clades with maximum support were recovered in the ML
analysis of the Rimosae s.s. and Inosperma clades (dataset #1, Figure 1). A strongly sup-
ported clade with 35 sequences corresponds with Rimosae s.s. subclade A and includes
the following species: P bulbosissimum (Kithner) Matheny & Esteve-Rav., P melliolens
(Kithner) Matheny & Esteve-Rav., P pinophilum sp. nov., P rimosum (Bull.) Matheny
& Esteve-Rav. (s.s.), P sororium (Kauffman) Matheny & Esteve-Rav. and P umbrinel-
lum (Bres.) Matheny & Esteve-Rav. In addition, numerous taxa on single branches and
less-supported clades are recovered.

In all three phylogenetic reconstructions (Figures 1-3), there is high support
(BS = 81-100) for the grouping of P pinophilum sp. nov. with P cf. rimosum from
Europe (isolates JV8125 and PC080925). This clade is deeply nested in Rimosae
s.s. subclade A (fide Larsson et al. 2009). Pseudosperma brunneoumbonatum sp. nov.
is retrieved as sister to an undescribed species from Papua New Guinea (isolates
TR104_05 and TR133_05) with high support (BS = 96-100). In both datasets
#2 and #3, this clade, again, is deeply nested in Rimosae s.s. subclade A. In dataset
#1, however, the clade P brunneoumbonatum — I. sp. Papua New Guinea is placed
between Rimosae subclades A and B (fide Larsson et al. 2009) with maximum sup-
port (Figure 1). Pseudosperma triaciculare sp. nov. is retrieved with high support (BS
= 95-100) as an independent clade without clear affinities outside of Rimosae s.s.
subclade A.

Our phylogenetic reconstructions (Figures 1-3) indicate that several undescribed
species occur in Rimosae s.s. subclade A (see Discussion). All ML analyses recovered
two new Pakistani species, P triaciculare and P pinophilum, as strongly-supported line-
ages nested within this subclade, whereas a third species, P brunneoumbonatum, forms
a strongly-supported clade outside of what is currently recognised as subclade A. These
three new taxa from Pakistan can be distinguished, based on molecular phylogenetic
data, as well as morphology and ecology.
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Alnicola submelinoide
u:Alnicola bohemica
Alnicola salicis
Conocybe siliginea

——_Cre idotus calolepis
‘repidotus mollis
Mallocybe dulcamara )
] Mallocybe terrigena EL117-04
97 Mallocybe fulvipes EL37-05
Mallocybe agardhii
I
99 4
92 I:l g Inosperma cerv
- | Inosperma S}lbh

88

Pseudosperma cf. rimos:
Pseudosperma cf. ri
Pseudosperma areni
Pseudosperma arenic:
Pseudosperma cf.

22 Pseudosperma dulcamaro

Pseudosperma dulcamaroic
Pseudosperma cf. squa
Pseudosperma cf. s
92 — 93Y Pseudosperma cf.
% Pseudosperma cf. sq:
Pseudosperma cf.
Pseudosperma cf. fla
Pseudosperma cf. fla
Pseudosperma cf.
Pseudosperma flavellum E
Pseudosperma flavellum
Pseudosperma flavellun
95 Pseudosperma cf. flavellui

Pseudosperma squama
Pseudosperma squamatus
Pseudosper

Figure 1. The best-scoring ML tree (-InL = 27210.474) of the Rimosae s.s. and Inosperma clades, recon-
structed from the concatenated ITS-nrLSU-mtSSU dataset. ML bootstraps (if = 70) are presented above
or in front of the branch leading to each node. Thick branches have maximum support (ML BS = 100).
Subclade designations within sect. Rimosae s.s. follow Larsson et al. (2009) in the strict sense. Newly-
described species are in boldface.
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Pseudosperma cf. s
Pseudosperma cf.
Pseudosperma ¢

Pseudosperma obsolei
Pseudosperma obsoletu
Pseudosperma perlatum
Pseudosperma perlatum B
Pseudosperma triacici
ﬂ Pseudosperma triacici

Pseudosperma triaci
Pseudosperma b

95

Pseudosperma ui
86 Pseudosperma umbi
Pseudosperma

Pseudosperma cf. ‘
EPseudosperma
Pseudosperma

Pseudosperma bu
Pseudosperma b :
89 Pseudosperma bulb
861 Pseudosperma bull
74l Pseudosperma b
Pseudosperma bulb
Pseudo. 7

80 Pseudosperma sc
Pseudosperma so
Pseudosperma me
Pseudosperma me

99Y: Pseudosperma rimo
o6ly Pseudosperma rin
Pseudosperma r

75 Pseudosperma
Pseudosperma rir
Pseudosperma rir

0.03

Figure 1. Continued.

Taxonomy

Pseudosperma brunneoumbonatum Saba & Khalid, sp. nov.
MycoBank No: 822655
Figure 4

Diagnosis. Characterised by the dark brown umbo and basidiospores 10.3—15.3(-16.7) x
6.6-9.9 pm and an ecological association with Pirnus.

Types. Holotype: Pakistan, Prov. Khyber Pakhtunkhwa, Abbottabad, Shimla, 14 Sep
2012, leg. M. Saba & A.N. Khalid; MSM#0053 (LAH 310032); GenBank accession nos.
MG742419 (ITS), MG742420 (nrLSU). Paratype: ibid., 6 Aug. 2014; MSM#00545
(LAH 31003); GenBank accession nos. MG742421 (ITS), MG742422 (nrLSU).

Etymology. From Latin, referring to dark brown colour of the umbo.
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Description. Pileus 20-38 mm in diam., plane to broadly convex with an acute
umbo; margin straight or flaring to deflexed; surface dry, dull, strongly rimose, cracked
towards centre but disc smooth and unbroken; strong brown (5YR4/8), disc/umbo
deep brown (5YR2/6). Lamellae regular, adnexed to sinuate, close, pale orange yel-
low (10YR8/4) or pale yellow (5Y9/4), becoming yellowish-brown with age, con-
colorous with stipe; edges even; lamelullae one tier; edges white and fimbrirate. Stipe
22-40 mm, central to slightly eccentric, equal, recurved squamulose, longitudinally
fibrillose, pale yellow (5Y9/4) or light yellowish-brown (10YR7/4), veil not observed.
Odour spermatic. Context white, lacking any colour changes where cut or bruised.

Basidiospores 10.3-15.3(-16.7) x 6.6-9.9 um [x = 12.5 x 7.5 pm, Q = 1.2-1.96],
smooth, phaseoliform or ellipsoid, thin-walled, pale brown to reddish-brown in KOH,
apiculus present or absent, apex obtuse. Basidia 27-39 x 10.6-16 pm, clavate with
refractive contents, primarily 4-sterigmate, less often 2-sterigmate, thin-walled, hyaline
in KOH; sterigmata 3—6 pm long. Pleurocystidia absent. Cheilocystidia 24-35 x
14-29 pm, numerous, clavate, some catenate, hyaline to pale brown, thin-walled.
Caulocystidia clavate or cylindrical, similar to cheilocystidia, infrequent. Pileipellis a
cutis, hyphae cylindrical, 5-9 pm wide, thin-walled, pale brown in KOH, some with
encrustations, septate. Lamellar trama of parallel hyphae, 5-10 pm wide; subhyme-
nium of compact hyphae, 3-6 pm wide. Stipitipellis cylindrical hyphae, hyaline in
mass in KOH. All structures inamyloid. Clamp connections present.

Habit and habitat. Occurring in August and September, solitary or in groups,
scattered on the forest floor in stands of Pinus roxburghii (Pinaceae).

Notes. In all phylogenetic reconstructions (Figures 1-3), R brunneoumbonatum
sp. nov. is sister to Pseudosperma sp. (isolates TR104_05 and TR133_05). This unde-
scribed species from high-elevations in Papua New Guinea is associated with Castanop-
sis (Fagaceae). Of the north temperate species, P brunneoumbonatum is phylogenetical-
ly most closely related to P umbrinellum (Figure 3, Table 2). In terms of morphology,
P brunneoumbonarum difters from P umbrinellum by its strong brown pileus with an
acute umbo (hazel to cinnamon brown) and somewhat larger basidiospores (measur-
ing 10-13 x 5.5-6.5 pm in P umbrinellum). Other related North American taxa are 2
aestivum (Kropp, Matheny & Hutchison) Matheny & Esteve-Rav. and P niveivelatum
(D.E. Stuntz ex Kropp, Matheny & Hutchison) Matheny & Esteve-Rav. Pseudosperma
aestivum can be separated by larger basidiomata and different pileus colouration (yel-
lowish to pale yellow with yellow-brown centre), whereas P niveivelatum has a white
stipe and a non-rimose pileus with different colouration (covered with abundant white
velipellis) (Kropp et al. 2013). Pseudosperma perlatum (Cooke) Matheny & Esteve-
Rav. superficially resembles 2 brunneoumbonatum. However, the slightly larger basidi-
ospores, pale orange yellow stipe and a presumed association with Pinus distinguish
the new species from P perlatum, which is an associate of deciduous trees (Vauras and
Huhtinen 1986). It differs from /. rimosum in having broader basidiospores.

Pseudosperma neoumbrinellum (T. Bau & Y.G. Fan) Matheny & Esteve-Rav. is an
Asian species (described from China) with similar basidioma size and colouration (Bau and
Fan 2018). The basidiospores of P brunneoumbonatum, however, are remarkably larger.
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Pseudosperma obsoletum EL17-04

ﬁ- Pseudosperma obsoletum BJ890915

Pseudosperma perlatum EL74-04
ﬁ—— Pseudosperma perlatum BJ940922

| Pseudosperma triaciculare MSM#0041

i Pseudosperma triaciculare MSM#0039
Pseudosperma triaciculare MSM#0040
Pseudosperma sp. TR138 05
Pseudosperma umbrinellum JV17954
Pseudosperma umbrinellum PC081010
Pseudosperma umbrinelluma JV13699
Pseudosperma umbrinellum PC080816
Pseudosperma umbrinellum PAM01102912

Pseudosperma cf. microfastigiatum EL113-06

P. umbrinellum

P, brunneo-

Pseudosperma bulbosissimum EL51-05
Pseudosperma bulbosissimum EL75-07
Pseudosperma bulbosissimum EL88-06
Pseudosperma bulbosissimum EL30-06
Pseudosperma bulbosissimum EL66-05
Pseudosperma bulbosissimum EL37-06

82 |_— Pseudosperma cf. rimosum JV8125
Pseudosperma cf. rimosum PC080925

727

91

Pseudosperma sororium JV15200
Pseudosperma melliolens PAM05052303
Pseudosperma melliolens EL224-06
Pseudosperma rimosum A02008-0250
Pseudosperma rimosum EL118-08
Pseudosperma rimosum PAMO06112703
Pseudosperma rimosum SJ04007

929

77

97
Pseudosperma rimosum EL75-05

Pseudosperma rimosum PAMO03110904
Pseudosperma rimosum EL102-04

0.02 93 .
Pseudosperma rimosum TK97-156

Pseudosperma pinophilum MSM#0046
Pseudosperma pinophilum MSM#0047
Pseudosperma sororium Kuoljok0512

Pseudosperma rimosum EL211-06

Pseudosperma aestivum BK18089706 umbonatum
73] Pseudosperma br tum #MSMO0053 1
9% Pseudosperma br. tum#MSM00545
| Pseudosperma sp. TR104_05
[90 | £ ‘ Pseudosperma sp. TR133_05

I: Pseudosperma cf. rimosum JV22619
Pseudosperma cf. rimosum TAA185135
Pseudosperma cf. rimosum JV26578
70 Pseudosperma niveivelatum BK21089714
Pseudosperma niveivelatum BK27089718
Pseudosperma niveivelatum Stz12816

: Pseudosperma cf. rimosum PAM05061101
Pseudosperma cf. rimosum EL127-04

P, niveivelatum

P, bulbosissimum

P, pinophilum
| P, sororium

| P, melliolens

P. rimosum

13

Figure 2. The best-scoring ML tree (-InL = 9359.879) of Rimosae s.s. subclade A, reconstructed from the con-
catenated ITS—nrLSU-mtSSU dataset. ML bootstraps (if 2 70) are presented above or in front of the branch
leading to each node. Thick branches have maximum support (ML BS = 100). Well-supported clades that

represent described species within Rimosae s.s. subclade A are named. Newly-described species are in boldface.
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Alnicola submelinoides
{Alnicola bohemica
Alnicola salicis

, Inosperma virosum TBGT753
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99 | Pseudosperma breviterincarnatum PBM1914
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Figure 3. The best-scoring ML tree (-InL = 5704.951) of Rimosae s.s. subclade A, complemented with
recently-described species within sect. Rimosae s.s., reconstructed from the nrLSU dataset. ML bootstraps
(if = 70) are presented above or in front of the branch leading to each node. Thick branches have maximum

support (ML BS = 100). Newly-described species are in boldface.
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Pseudosperma himalayense (Razaq, Khalid & Kobayashi) Matheny & Esteve-Rav. was
recently described from Pakistan (Liu et al. 2018) and is similar to P brunneoumbonatum
in having similar pileus size. This species was found at different localities in the western
Himalayas, but always near Pinus wallichiana. Pseudosperma himalayense has a much
longer stipe (50—-80 mm vs. max. 40 mm in P brunneoumbonatum); white to pale yellow,
olive yellow or light brown pileus; and somewhat smaller basidiospores. Pseudosperma
pakistanense (Z. Ullah, S. Jabeen, H. Ahmad & A.N. Khalid) Matheny & Esteve-
Rav., another species described from Pakistan, can be differentiated by the presence of
pleurocystidia, somewhat smaller basidiospores and phylogenetic placement (Ullah et al.
2018, Figure 3).

The following two species have not yet been recombined in Pseudosperma. How-
ever, phylogenetic evidence undoubtedly places both 7. neglecta E. Horak, Matheny
& Desjardin and 1. friabilis Matheny & Kudzma in the newly-recognised genus Psex-
dosperma (Horak et al. 2015, Matheny and Kudzma 2019). The new combinations
are presented at the end of the taxonomy section. /nocybe neglecta from Thailand
was described in the Pseudosperma clade by Horak et al. (2015). While it also lacks
pleurocystidia and has a strong brown umbonate pileus, it is different from 2 brun-
neoumbonatum by the smaller pileus (12-18 mm vs. 20-38 mm) and smaller and
differently-shaped basidiospores. In addition, I neglecta is only known from the
type locality, growing in a tropical montane forest dominated by Lithocarpus Blume
and Castanopsis (D. Don) Spach (both in Fagaceae). Inocybe friabilis, described from
North America in the Pseudosperma clade, resembles 2 brunneoumbonatum by lack-
ing pleurocystidia and having a similarly coloured pileus. However, I friabilis has
smaller basidiospores, is associated with Quercus and Carya and has an eastern United
States distribution.

In The taxonomic studies of the genus Inocybe, Kobayashi (2002) discussed 136 spe-
cies, of which 13 (including four varieties and three formae) in subgenus /nosperma
section Rimosae. These are [all referred to as nocybe in Kobayashi (2002)]: Inosperma
adaequatum (Britzelm.) Matheny & Esteve-Rav., 1. aureostipes (Kobayasi) Matheny &
Esteve-Rav., . cookei (Bres.) Matheny & Esteve-Rav., 1. erubescens (A. Blytt) Matheny
& Esteve-Rav. [as its synonym /. patouillardii Bres.], I. maculatum (Boud.) Matheny &
Esteve-Rav., Pseudosperma avellaneum (Kobayasi) Matheny & Esteve-Rav., P. bisporum
(Hongo) Matheny & Esteve-Rav., P flavellum (P. Karst.) Matheny & Esteve-Rav., P
macrospermum (Hongo) Matheny & Esteve-Rav., P rimosum [as its synonym Inocybe
[Jastigiata (Schaefl.) Quél.], P squamarum (]J.E. Lange) Matheny & Esteve-Rav., P tran-
siens (Takah. Kobay.) Matheny & Esteve-Rav. and P umbrinellum. Since no sequence
data are available for 2 avellaneum, P. bisporum, P macrospermum and P transiens, we
will compare their morphology with the newly-proposed Pakistani species.

Pseudosperma avellaneum has a pale greyish ochraceous pileus, its basidiospores are
smaller and its cheilocystidia are distinctly narrower (width 9.5-14.5 vs. 14-29 pm)
compared to P brunneoumbonatum. As the only species in sect. Rimosae (sensu Kob-
ayashi 2002), P bisporum is 2-sterigmate. In addition, this species has a generally
shorter stipe (17-26 vs. 22—40 mm in P brunneoumbonatum), the edges of its lamel-
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Figure 4. Pseudosperma brunneoumbonatum: A Basidiomata of holotype collection (LAH 310032)

B-E microscopic characters: B basidia € cheilocystidia D basidiospores E pileipellis. Scale bars: 1 cm
(A), 10 um (B), 30 pm (C, E), 20 pm (D).

lae are serrate (with small teeth as a saw) and, again, the cheilocystidia are narrower
(width 10.0-13.8 vs. 14-29 um in P brunneoumbonatum). Another Japanese species,
P macrospermums, is morphologically different in the following characters: the stipe has
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a bulbous base, the basidia are shorter and narrower and its pileus is much smaller in
diameter. Finally, P transiens has a much longer stipe, its basidia are always narrower
(up t0 9.5 pm wide) and its cheilocystidia are both longer and narrower ((29-)38-52 x
9.5-13.8 um) compared to P brunneoumbonatum.

Pseudosperma pinophilum Saba & Khalid, sp. nov.
MycoBank No: 822656

Figure 5

Diagnosis. Characterised by the pale to light yellow equal stipe, basidiospores (8.2-)9.4—
15.8 x 6.3-8 pm and an ecological association with Pinus.

Types. Holotype: Pakistan, Prov. Khyber Pakhtunkhwa, Abbottabad, Shimla, 14
Sep 2012, leg. M. Saba & A.N. Khalid; MSM#0046 (FH 00304582); GenBank acces-
sion nos. MG742414 (ITS), MG742418 (nrLSU), MG742416 (mtSSU). Paratype:
Pakistan, Prov. Khyber Pakhtunkhwa, Shangla, Yakh Tangay, under Pinus wallichiana,
2 Sep 2013, leg. M. Saba & A.N. Khalid; MSM#0047 (LAH 310049); GenBank ac-
cession nos. MG742417 (ITS), MG742415 (nrLSU), MK474612 (mtSSU).

Etymology. From Greek, referring to an association with pine species.

Description. Pileus 16-31 mm in diam., convex, broadly convex or plane with an
acute umbo; margin straight or flaring to deflexed; surface dry, dull, rimose, cracked
towards centre, strong brown throughout (5YR4/6 to 5YR4/8) with dark brown umbo.
Lamellae regular, adnexed to sinuate, close, white when young, light olivaceous at
maturity; edges even. Stipe 54—70 mm, central, equal, longitudinally fibrillose, white
with pale greenish-yellow (10Y9/4) or light yellow (5Y9/6) tinge or olivaceous tinge;
veil not observed. Context white. Odour not distinctive.

Basidiospores (8.2-)9.4-15.8 x 6.3-8.0 pm [x = 13.5 x 7.6 pm, Q = 1.4-1.9],
smooth, phaseoliform or ellipsoid, thin-walled, pale brown to golden brown in KOH,
apiculus small and not distinctive, apex obutse. Basidia 21-40 x (9-)11-14 pm, clavate
with refractive contents, primarily 4-sterigmate, less often 2-sterigmate, thin-walled,
hyaline in KOH; sterigmata 2.5-4.0 um long. Pleurocystidia absent. Cheilocystidia
25-47 x 10-20 um, numerous, clavate or cylindrical, hyaline to pale brown in KOH,
thin-walled. Caulocystidia not observed. Pileipellis a cutis of repent hyphae, hyphae
cylindrical, 4-12 pm wide, thin-walled, pale brown in KOH, septate. Lamellar trama
of parallel hyphae, 5-11 pm wide; subhymenium of compact hyphae, 3-6 pm wide.
Stipitipellis cylindrical hyphae, 5-12 pm wide, hyaline in mass in KOHj all structures
inamyloid. Clamp connections present.

Habit and habitat. Occurring in September, solitary or in groups, scattered on the
forest floor in stands of Pinus roxburghii and P wallichiana (Pinaceae).

Notes. Both P brunneoumbonatum and P pinophilum are placed in sect. Rimosae
s.s. subclade A (Figures 1-3), which corresponds to P rimosum senso lato, including the
several formae and variations described for this species (Larsson et al. 2009). Pseudosperma
pinophilum clusters with P cf. rimosum (isolates JV1825 and PC080925). The pale yellow



New species of Pseudosperma from Pakistan 19

Figure 5. Pseudosperma pinophilum: A Basidiomata of holotype collection (FH 00304582) B~E micro-
scopic characters: B basidia € cheilocystidia D basidiospores E pileipellis. Scale bars: 1 cm (A), 10 pm (B,
D), 30 um (C, E).
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to light yellow tinged, equal stipe in P pinophilum is very different compared to the white
(rarely tinged with ochre), sub-bulbous stipe typical for P rimosum. Moreover, P pinophi-
lum has broader basidiospores ((8.2-)9.4-15.8 x 6.3-8.0 um) compared to P rimosum
(9-11(-13) x 4.5-6.0 pm). Also P brunneoumbonatum has broader — and generally larger
— basidiospores (10.3-15.3(-=16.7) x 6.6-9.9 pm) compared to 2 rimosum. Pseudosperma
sororium is relatively closely related to P pinophilum and can be differentiated in having
different pileus colouration (greyish-brown to pinkish-grey or pale pinkish-beige) and
measurement of basidiospores (10-12.5 x 5.5-6.0 pm) (Kauffman 1926).

Two more species of Pseudosperma are known from Pakistan; both P himalayense
and P, pakistanense were described, based on material collected in Pakistan. Pseudosper-
ma himalayense was found near Pinus wallichiana trees, but an I'TS sequence generated
from root tips (GenBank acc. no. HG796995) confirmed an ectomycorrhizal associa-
tion with Quercus incana (Liu et al. 2018). It can be distinguished from P pinophilum
by the pale yellowish to camel brown, fibrillose pileus; longer cheilocystidia (43-60 um
vs. 25—47 um); and much thicker pileipellis. In addition, P himalayense was resolved as
sister to P cf. microfastigiatum (Kithner) Matheny & Esteve-Rav. in Liu et al.’s (2018)
ITS phylogeny. Pseudosperma pakistanense was found in a mixed conifer-dominated
forest with some deciduous trees, under Quercus incana (Ullah et al. 2018). This spe-
cies can be differentiated from the new species by the presence of pleurocystidia, the
smaller stipe (50 mm vs. 54—70 mm in P pinophilum) and its phylogenetic position
(Ullah et al. 2018). In our nrLSU phylogeny, P pakistanense was retrieved as sister to P
alboflavellum (C.K. Pradeep & Matheny) Haelew. (Figure 3).

The Japanese species in sect. Rimosae without sequence data from Kobayashi
(2002), P avellaneum, P bisporum, P macrospermum and P transiens, are also different
from P pinophilum in their morphology. Pseudosperma avellaneum has smaller basidi-
ospores and the pileipellis hyphae are almost hyaline (vs. pale brown in 2 pinophilum).
Pseudosperma bisporum has lamellae with serrate edges, its stipe is much shorter (17-26
vs. 54-70 mm in P pinophilum), the basidia are 2-sterigmate, the cheilocystidia are
usually shorter (max. 31 pm in length) and the pileipellis hyphae are smaller in diam-
eter. Pseudosperma macrospermum has a smaller pileus diameter, a shorter stipe, nar-
rower basidia, usually shorter cheilocystidia and pileipellis hyphae that are smaller in
diameter. Finally, both the basidiospores (4.8—6.5 vs. 6.3-8.0 um in P, pinophilum) and
basidia (8.8-9.5 vs. (9—)11-14 um in P, pinophilum) of P transiens are narrower. In ad-
dition, the cheilocystidia of P pinophilum are hyaline to pale brown in KOH, whereas
in P transiens, they are “rarely filled with yellowish brown contents” (Kobayashi 2002).

Pseudosperma triaciculare Saba & Khalid, sp. nov.
MycoBank No: 822657

Figure 6

Diagnosis. Characterised by the acutely umbonate brownish-orange to fulvous pileus,
the presence of a pale velipellis coating on the pileus, septate cheilocystidia and an
ecological association with Pinus.
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Types. Holotype: Pakistan, Prov. Khyber Pakhtunkhwa, Mansehra, Batrasi, under
Pinus roxburghii, 3 Aug 2014, leg. M. Saba & A.N. Khalid; MSM#0039 (LAH 310054);
GenBank accession nos. MG742423 (ITS), MG742424 (nrL.SU), MG742425 (mtSSU).
Paratypes: ibid., 3 Aug 2014; MSM#0040 (LAH 310055); GenBank accession nos.
MG742426 (ITS), MG742427 (nrLSU), MG742428 (mtSSU). lbid., 3 Aug 2014;
MSM#0041 (LAH 310056); GenBank accession nos. MG742429 (ITS), MG742430
(nrLSU), MG742431 (mtSSU). Pakistan, Prov. Khyber Pakhtunkhwa, Abbottabad,
Shimla, 14 Sep 2012, /eg. M. Saba & A.N. Khalid; MSM#0038 (FH 00304561).

Etymology. From Latin, meaning “three-needled,” with reference to the associa-
tion with the three-needled pine Pinus roxburghii.

Description. Pileus 12-29 mm in diam., conical when young, plane to convex at ma-
turity, with acute to subacute or obtuse umbo; margin radially rimose, straight or flaring to
uplifted; surface dry, dull, colour brownish-orange (5YR5/8) to fulvous, presence of a pale
velipellis coating over the disc. Lamellae regular, adnexed to sinuate, close, pale orange
yellow (10YR8/4), edges even; two tiers of lamelullae. Stipe 19-60 mm, central, equal,
fibrillose, white with pale orange yellow tinge (10YR8/4). Odour mild, not diagnostic.

Basidiospores (7.7-)8.9-12.5 x 6.1-7.7 pm [x = 10.2 x 6.9 pm, Q = 1.64-2.2],
smooth, mostly elliptic, thin-walled, yellowish-brown in KOH, apiculus present small
and indistinctive. Basidia 24-36 x (9—)10-13 um, clavate to broadly clavate with
refractive contents, 4-sterigmate, thin-walled, hyaline in KOHj; sterigmata 2.5-4.0 pm
long. Pleurocystidia absent. Cheilocystidia cylindrical to clavate, septate, some with
sub-capitate apices, terminal cells 23-54 x 9-16 pm, non-encrusted, hyaline, thin-
walled. Caulocystidia 36-98 x 7-14 pm, cylindrical, non-encrusted, hyphoid, thin-
walled. Pileipellis a cutis, hyphae cylindrical, 6-12 pm wide, thin-walled, golden
brown or yellowish-brown in KOH, without encrustations, septate. Lamellar trama
of parallel hyphae, 6-12 pm wide; subhymenium of compact hyphae, 3-6 pm wide.
Stipitipellis cylindrical hyphae, 2—-12 pm wide, hyaline in mass in KOH; all structures
inamyloid. Clamp connections present.

Habit and habitat. Occurring in August to September, solitary or in groups, scat-
tered on the forest floor in stands of Pinus roxburghii (Pinaceae).

Notes. Pseudosperma triaciculare has been found in association with Pinus roxburghii,
the three-needled pine. This new species forms a distinct monophyletic group without
clear affinities outside of Rimosae s.s. subclade A (Figures 1-3). Some of the unique fea-
tures of this species are the umbonate brownish-orange to pale orange yellow pileus; cy-
lindrical to clavate cheilocystidia; and cylindrical, non-encrusted, hyphoid caulocystidia.
Allied species include P brunneoumbonatum, P, griseorubidum (K.PD. Latha & Manim.)
Matheny & Esteve-Rav., P keralense [synonym 1. rimulosa C.K. Pradeep & Matheny]
and P umbrinellum. Pseudosperma triaciculare shares the same presumed Pinus associa-
tion and shape of basidiomata with 2 brunneoumbonatum, but can be distinguished
by its brownish-orange pileus and smaller basidiospores. Pseudosperma umbrinellum is
differentiated from P #riaciculare by the presence of an obtuse umbo (acute in P #iacicu-
lare), yellowish- or reddish-brown pileus (brownish-orange in P triaciculare), somewhat
narrower basidiospores (5.5-6.5 pm vs. 6.1-7.7 um) and a broad host range, including
species in Cistaceae, Fagaceae, Pinaceae and Salicaceae (Larsson et al. 2009).
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H

Figure 6. Pseudosperma triaciculare: A Basidiomata of paratype collection (FH 00304561) B=F micro-
scopic characters: B Basidia € cheilocystidia D caulocystidia E basidiospores F pileipellis. Scale bars:
1 cm (A), 10 um (B, E), 30 um (C, D, F).
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Pseudosperma triaciculare is most closely related to P griseorubidum and P keralense,
described recently from tropical India (Latha and Manimohan 2015, Pradeep et al. 2016,
Figure 3). Pseudosperma griseorubidum can be differentiated by its pileus, which is greyish-
red and rarely with an umbo. In addition, P griseorubidum is associated with members
of Dipterocarpaceae (Latha and Manimohan 2015). The differences between P keralense
and P, triaciculare are more subtle. Pseudosperma keralense can be separated based on the
following features: its lamellae have serrate edges and its basidiospores are narrower on
average (6.1 vs. 6.9 pum in P triaciculare). It is also phylogenetically clearly different; the
ITS sequence of the holotype collection (GenBank acc. no. KM924523) is 84.11% iden-
tical to the holotype of P triaciculare, whereas the LSU (KM924518) is 95.13% identical.

Other similar Asian species include P himalayense, R neoumbrinellum, P pakis-
tanense and P yunnanense (T. Bau & Y.G. Fan) Matheny & Esteve-Rav. Pseudosperma
triaciculare resembles P neoumbrinellum in its pileus and basidiospores. However, it is
easily differentiated by the characteristic brownish-orange to fulvous colouration of its
pileus, whereas the pileus of P neoumbrinellum is chocolate to dark brown in colour
(Bau and Fan 2018). In addition, the shape and size of caulocystidia in these two spe-
cies are very different: 2048 x 10-17 pm in 2 neoumbrinellum vs. 36-98 x 7-14 pm
in P triaciculare. Pseudosperma triaciculare is different from the recently-described 2
himalayense from Pakistan (Liu et al. 2018) by the presence of a velipellis and a shorter
stipe (16-60 vs. 50-80 um). Pseudosperma pakistanense is separated from P, triaciculare
by the absence of velipellar hyphae (unless the authors referred to the velipellis by their
description of “[pileus] sometimes peeling off in the form of fine threads”), presence
of pleurocystidia and a generally wider stipitipellis lacking caulocystidia (Ullah et al.
2018). Finally, 2 yunnanense, described from China, also has velipellar hyphae, but
its basidiomata are much larger in size (pileus 30—60 mm in diam., stipe 60—70 mm)
and it lacks caulocystidia (Bau and Fan 2018). We did not include 2 yunnanense in
our phylogenetic analyses, but blasted the ITS sequence of the holotype collection
(GenBank acc. no. MH047250) against P triaciculare, resulting in 89.09% identity.
Pseudosperma yunnanense is phylogenetically most similar to P perlatum.

Finally, P avellaneum, P bisporum, P macrospermum and P transiens from Kob-
ayashi’s (2002) morphological /nocybe treatment are all different from P triaciculare.
Of all four, P avellaneum is probably most difficult to separate from the new species:
its pileus is pale greyish-ochraceous, the stipe is less slender and — this seems the best
character for separating both species — no caulocystidia were observed. Pseudosperma
bisporum has lamellae with serrate edges, 2-sterigmate basidia and pileipellis hyphae
that are smaller in diameter. In addition, again, no caulocystidia were observed in this
species. Compared to P triaciculare, the basidiospores of P macrospermum are longer
(10.5-)14.0-15.5(~18.3) vs. (7.7-)8.9-12.5) um, its basidia are narrower (8.8-9.5(—
12.5) vs. (9-)10-13 pm) and its cheilocystidia are wider (16-18 vs. 9—16 pm). Pseu-
dosperma transiens has basidiospores (4.8—6.5 vs. 6.1-7.7 um) and basidia (8.8-9.5 vs.
(9-)10-13 um) that are both narrower than those in 2 #riaciculare. In addition, the
pileus of P transiens is coloured brown to dark brown, whereas 2 #riaciculare has a
brownish-orange to fulvous pileus.
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New combinations

During our studies of /zocybe sensu lato, we came across species of /nocybe that had not
been recombined in the appropriate genera after Matheny et al. (2019) proposed a new
generic system. Five names are recombined in /nosperma, Mallocybe and Pseudosperma.

Inosperma vinaceobrunneum (Matheny, Ovrebo & Kudzma) Haelew., Index Fun-
gorum 436: 1 (2020).
Index Fungorum No: IF557431

= Inocybe vinaceobrunnea Matheny, Matheny and Kudzma, J. Torrey Bot. Soc. 146(3):
227 (2019). [Basionym]

Note. This combination was made, based on a four-locus phylogeny (ITS, nrLSU,
tpbl, tpb2). Inosperma vinaceobrunneum was retrieved in a clade with two other spe-
cies (1. rodiolum (Bres.) Matheny & Esteve-Rav. and an undescribed species), sister to
I adaequarum (Matheny and Kudzma 2019).

Mallocybe erratum (E. Horak, Matheny & Desjardin) Haelew., comb. nov.
Index Fungorum No: IF557512

= Inocybe errata E. Horak, Matheny & Desjardin, Phytotaxa 230(3): 210 (2015).
[Basionym]

Note. This combination is based on phylogenetic evidence of the holotype (Horak et
al. 2015). Based on both nrLSU-alone and nrLSU-rpbl-rpb2 datasets, it is placed
deep in Mallocybe. 1t is highly supported as a sister species to an undescribed Zambia
species (“L. microdulcamara” nom. prov.), both sister to M. heimii (Bon) Matheny &
Esteve-Rav. (Matheny et al. 2009, Horak et al. 2015).

Pseudosperma alboflavellum (C.K. Pradeep & Matheny) Haelew., Index Fungo-
rum 436: 1 (2020).
Index Fungorum No: IF557432

= Inocybe alboflavella C.K. Pradeep & Matheny, Pradeep et al., Mycol. Progr. 15: 13
(2016). [Basionym]

Note. This combination was made, based on phylogenetic placement of the isotype
(Pradeep et al. 2016, this study). In our nrLSU phylogeny, it was retrieved as a sister
species to P pakistanense with high support (Figure 3).
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Pseudosperma friabile Matheny & Kudzma) Haelew., Index Fungorum 436: 1 (2020).
Index Fungorum No: IF557433

= Inocybe friabilis Matheny & Kudzma, J. Torrey Bot. Soc. 146(3): 226 (2019).
[Basionym]

Note. This combination was made, based on phylogenetic evidence. Pseudosperma
friabile is most closely related to P gracilissimum (Matheny & Bougher) Matheny &
Esteve-Rav. and P keralense (K.P.D. Latha & Manim.) Matheny & Esteve-Rav., deep
in the Pseudosperma clade (fide Matheny 2005, Matheny and Kudzma 2019).

Pseudosperma neglectum (E. Horak, Matheny & Desjardin) Haelew., comb. nov.
Index Fungorum No: IF557513

= Inocybe neglecta E. Horak, Matheny & Desjardin, Phytotaxa 230(3): 208 (2015).
[Basionym]

Note. The combination of L neglecta in genus Pseudosperma is made, based on phy-
logenetic evidence. Horak et al. (2015) presented the phylogenetic reconstruction of
an nrLSU dataset and found high statistical support for the Pseudosperma clade (fzde
Matheny 2005) including P neglectum. While P neglectum was retrieved as sister to the
remaining members of the Pseudosperma clade, there was no support for this relation-
ship. The same result was also found by Kropp et al. (2013). In addition, blasting the
ITS sequence of the holotype (GenBank acc. no. EU600829) against sequences from
type materials, resulted in P occidentale (Kropp, Matheny & Hutchison) Matheny &
Esteve-Rav. and P illudens (Matheny, Bougher & G.M. Gates) Matheny & Esteve-Rav.
with the highest percentages of identity (96.46% and 96.28%, respectively).

Discussion

Pakistan is located in southern Asia. This country is geographically diverse, ranging from
the mountainous northern part, where the Himalayas meet their westernmost end, to
the southern part with the coastal area along the Arabian Sea. Following the Képpen-
Geiger classification system for climate, 20 types can be found in Pakistan — including
four arid, six temperate, eight cold and even two polar (Beck et al. 2018). Note that de-
spite this diversity in climate types, most of the country has a hot desert climate (BW5,
Peel et al. 2007). Pakistan has a very rich flora; in an ongoing effort to write the Flora
of Pakistan, S.1. Ali and colleagues identified 5,521 plant species in 1,572 genera thus
far (Ali 2008). When keeping the ratio between vascular plants and fungi (1:6) in mind
(sensu Hawksworth 1991), this number of plants only hints at the true potential of
in-depth mycological studies in Pakistan, which has been traditionally under-explored.
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The multiple geographic features, different climates and plant species richness
in Pakistan are suggestive of a high diversity of fungal species. In recent years, many
papers have been published, describing new species from different fungal groups
collected in Pakistan (e.g. Razaq et al. 2012, Nawaz et al. 2013, Thongklang et al.
2014, Qasim et al. 2015a, 2015b, Sarwar et al. 2015, Hussain et al. 2016, 2017,
2018, Jabeen et al. 2016, Farooqi et al. 2017, Naseer et al. 2018, Ullah et al. 2018,
Saba et al. 2019a, 2019b, Kiran et al. 2020). Thirty-five species of Inocybe sensu
lato are reported from Pakistan (Ahmad et al. 1997, Ilyas et al. 2013, Saba et al.
2015, Jabeen et al. 2016, Farooqi et al. 2017, Razaq and Shahzad 2017, Naseer et
al. 2018, Ullah et al. 2018, Song et al. 2019, this study). The genus Pseudosperma
is poorly known in Pakistan, with only three species that were known before this
study: P himalayense, P rimosum and B pakistanense (Ahmad et al. 1997, Liu et al.
2018, Ullah et al. 2018).

In his dissertation about smooth-spored species of /nocybe from Europe, Kuyper
(1986) presented a key to species of sect. Rimosae. He included 12 species [all as /no-
cybel: Inosperma adaequatum, 1. cookei, I. erubescens, I. maculatum, I. quietiodor (Bon)
Matheny & Esteve-Rav., 1. reisneri (Velen.) Matheny & Esteve-Rav., Pseudosperma
arenicola (R. Heim) Matheny & Esteve-Rav., P flavellum, P mimicum (Massee) Ma-
theny & Esteve-Rav., P rimosum (sensu lato), P squamatum and 1. vinosistipitatum
(Grund & D.E. Stuntz) Matheny & Esteve-Rav. Kuyper (1986) followed a conserva-
tive approach for P rimosum — citing 31 species and varieties as synonyms and allowing
considerable morphological plasticity and broad ecological amplitude. Larsson et al.
(2009) followed a less conservative approach and recognised 2 obsoletum, P perlatum
and P umbrinellum as separate species in their identification key of Maculata and Ri-
mosae s.s. clades in north-western Europe. These three species were amongst the syn-
onymies of P rimosum as treated by Kuyper (1986). Following both keys, our newly
described taxa are most similar to P rimosum and P umbrinellum (Table 2). From our
phylogenetic analyses, it is obvious that both 2 rimosum and R umbrinellum are sepa-
rated from our Pakistani species. Other, more recently described taxa of Pseudosperma
are also differentiated from the newly-proposed species, based on morphology, mo-
lecular phylogeny and geographic distribution.

Our phylogenetic analyses revealed that several undescribed species or collections
that have not yet been properly identified occur in Rimosae s.s. subclade A (Larsson
et al. 2009, Kropp et al. 2012). These are represented by singleton clades and clades
including tentatively (cf.) or unidentified isolates. For example, isolates TR104_05
and TR133_05 represent an undescribed species from Papua New Guinea. In addi-
tion, isolates JV1825, PC080925, JV22619 and TAA185135 were identified as P cf.
rimosum, but represent at least two different species, either undescribed or previously
described, but without available DNA sequence data. The isolate JV26578, which
forms a singleton clade with unresolved position in our phylogenetic analyses, was also
identified as P cf. 7imosum, but this identification is again inaccurate. We agree with
Larsson et al. (2009) that more taxa need be sampled before the diversity and evolu-
tionary relationships in this section can be fully understood.
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Data availability

All holotype and paratype collections of the new species are deposited at LAH and
FH. The sequences generated during this study are deposited in NCBI GenBank
under accession numbers MG742414-MG742431. The sequence alignments gen-
erated in the present study are available from figshare (https://doi.org/10.6084/
m9.figshare.c.4701338).

Acknowledgements

We are highly indebted to the Higher Education Commission (HEC), Islamabad, Paki-
stan, for funding this project under Phase II, Batch I, Indigenous PhD fellowships pro-
gramme for 5000 scholars and through the International Research Support Initiative
Program (IRSIP). We thank P. Brandon Matheny (University of Tennessee-Knoxville,
USA), Olivier Raspé (Botanic Garden Meise, Belgium) and Martin Ryberg (Uppsala
University, Sweden) for critically reviewing the manuscript. Finally, we acknowledge
the efforts of Meike Piepenbring and Carola Glatthorn (Goethe-Universitit Frankfurt,
Germany) to provide us with necessary literature during the COVID-19 pandemic
and subsequent lockdown.

References

Ahmad S, Igbal SH, Khalid AN (1997) Fungi of Pakistan. Sultan Ahmad Mycological Society
Pakistan, 1-248.

Ali ST (2008) Significance of flora with special reference to Pakistan. Pakistan Journal of Botany
40(3): 967-971.

Bau T, Fan Y-G (2018) Three new species of /nocybe sect. Rimosae from China. Mycosystema
37:693-702.

Beck HE, Zimmermann NE, McVicar TR, Vergopolan N, Berg A, Wood EF (2018) Present
and future Képpen-Geiger climate classification maps at 1-km resolution. Scientific Data
5: 180214. https://doi.org/10.1038/sdata.2018.214

Bougher NL, Matheny PB, Gates GM (2012) Five new species and records of Inocybe (Agari-
cales) from temperate and tropical Australia. Nuytsia 22(2): 57-74.

Capella-Gutiérrez S, Silla-Martinez JM, Gabaldén T (2009) TrimAl: a tool for automated
alignment trimming in large-scale phylogenetic analyses. Bioinformatics 25: 1972-1973.
https://doi.org/10.1093/bioinformatics/btp348

Chernomor O, Von Haeseler A, Minh BQ (2016) Terrace aware data structure for phylog-
enomic inference from supermatrices. Systematic Biology 65: 997-1008. https://doi.
0rg/10.1093/sysbio/syw037

Darriba D, Taboada GL, Doallo R, Posada D (2012) jModelTest 2: more models, new heuristics
and parallel computing. Nature Methods 9(8): 772. https://doi.org/10.1038/nmeth.2109



28 Malka Saba et al. | MycoKeys 69: 1-31 (2020)

Dentinger BT, Didukh MY, Moncalvo JM (2011) Comparing COI and ITS as DNA barcode
markers for mushrooms and allies (Agaricomycotina). Plos One 6(9): €25081. https://doi.
org/10.1371/journal.pone.0025081

Edgar RC (2004) MUSCLE: multiple sequence alignment with high accuracy and high
throughput. Nucleic Acids Research 32: 1792-1797. https://doi.org/10.1093/nar/gkh340

Farooqi A, Aqdus E Niazi AR, Jabeen S, Khalid AN (2017) Inocybe ahmadii sp. nov. and
a new record of L leptocystis from Pakistan. Mycotaxon, 132(2): 257-269. https://doi.
org/10.5248/132.257

Gardes M, Bruns TD (1993) ITS primers with enhanced specificity for basidiomycetes - ap-
plication to the identification of mycorrhizae and rusts. Molecular Ecology 2(2): 113-118.
hteps://doi.org/10.1080/10635150802429642

Haelewaters D (2020) Nomenclatural novelties. Index Fungorum 436: 1.

Haelewaters D, Dirks AC, Kappler LA, Mitchell JK, Quijada L, Vandegrift R, Buyck B, Pfister
DH (2018) A preliminary checklist of fungi at the Boston Harbor islands. Northeastern
Naturalist 25(Special Issue 9): 45-76. https://doi.org/10.1656/045.025.s904

Hall TA (1999) BioEdit: A user-friendly biological sequence alignment editor and analysis pro-
gram for Windows 95/98/NT. Nucleic Acids Symposium Series 41: 95-98.

Hawksworth D (1991) The fungal dimension of biodiversity: magnitude, significance, and
conservation. Mycological Research 95(6): 641-655. https://doi.org/10.1016/S0953-
7562(09)80810-1

Hillis DM, Dixon MT (1991) Ribosomal DNA: Molecular evolution and phylogenetic infer-
ence. The Quarterly Review of Biology 66: 411-453. https://doi.org/10.1086/417338

Hoang DT, Chernomor O, Von Haeseler A, Minh BQ, Vinh LS (2017) UFBoot2: Improving
the ultrafast bootstrap approximation. Molecular Biology and Evolution 35: 518-522.
hteps://doi.org/10.1093/molbev/msx281

Horak E, Matheny PB, Desjardin DE, Soytong K (2015) The genus /nocybe (Inocybaceae,
Agaricales, Basidiomycota) in Thailand and Malaysia. Phytotaxa 230(3): 201-238. https://
doi.org/10.11646/phytotaxa.230.3.1

Hussain S, Yousaf N, Afshan NS, Niazi AR, Ahmad H, Khalid AN (2016) Tulostoma ahmadii
sp. nov. and 77 squamosum from Pakistan. Turkish Journal of Botany 40(2): 218-225.
hteps://doi.org/10.3906/bot-1501-9

Hussain S, Ahmad H, Khalid AN, Niazi AR (2017) Parasola malakandensis sp. nov. (Psathyrel-
laceae; Basidiomycota) from Malakand, Pakistan. Mycoscience 58(2): 69-76. https://doi.
0rg/10.1016/j.myc.2016.09.002

Ilyas S, Razaq A, Khalid AN (2013) Inocybe nitidiuscula and its ectomycorrhizae with Alnus
nitida from Galyat, Pakistan. Mycotaxon 124: 247-254. https://doi.org/10.5248/124.247

Jabeen S, Ahmad I, Rashid A, Khalid AN (2016) Inocybe kohistanensis, a new species from Pa-
kistan. Turkish Journal of Botany 40(3): 312-318. https://doi.org/10.3906/bot-1501-17

Jacobsson S (2008) Key to [nocybe. In: Knudsen H, Vesterholt J (Eds) Funga Nordica. Agari-
coid, boletoid and cyphelloid genera. Nordsvamp, Copenhagen, 868-906.

Kauffman CH (1926) The genera Flammula and Paxillus and the status of the American species.
American Journal of Botany 13(1): 11-32. https://doi.org/10.1002/j.1537-2197.1926.
tb05862.x



New species of Pseudosperma from Pakistan 29

Kiran M, Sattar A, Zamir K, Haelewaters D, Nasir Khalid A (2020) Additions to the genus
Chroogomphus (Boletales, Gomphidiaceae) from Pakistan. MycoKeys 66: 23-38. https://
doi.org/10.3897/mycokeys.66.38659

Kobayashi T (2002) The taxonomic studies of the genus /nocybe. Nova Hedwigia 124: 1-246.

Kropp BR, Matheny PB, Hutchison L] (2013) Irocybe section Rimosae in Utah: phylogenetic
affinities and new species. Mycologia 105(3): 728-747. https://doi.org/10.3852/12-185

Kuyper TW (1986) A revision of the genus /nocybe in Europe. 1. Subgenus Inosperma and the
smooth-spored species of subgenus /nocybe. Persoonia Suppl. 3: 1-247.

Kumar S, Stecher G, Tamura K (2016) MEGA7: Molecular Evolutionary Genetics Analy-
sis version 7.0 for bigger datasets. Molecular Biology and Evolution 33(7): 1870-1874.
https://doi.org/10.1093/molbev/msw054

Larsson E, Ryberg M, Moreau PA, Mathiesen AD, Jacobsson S (2009) Taxonomy and evolu-
tionary relationships within species of section Rimosae (Inocybe) based on ITS, LSU and
mtSSU sequence data. Persoonia 23: 86-98. https://doi.org/10.3767/003158509X475913

Latha KPD, Manimohan P (2015) Inocybe griseorubida, a new species of Pseudosperma clade from
tropical India. Phytotaxa 221(2): 166-174. https://doi.org/10.11646/phytotaxa.221.2.6

Lee SB, Milgroom MG, Taylor JW (1988) A rapid, high yield mini-prep method for isola-
tion of total genomic DNA from fungi. Fungal Genetics Reports 35(1): 23. https://doi.
org/10.4148/19

Liu L-N, Razaq A, Atri NS, Bau T, Belbahri L, Chenari Bouket A, Chen L-B, Deng C, Ilyas S,
Khalid AN, Kitaura MJ, Kobayashi T, Li Y, Lorenz AR Ma Y-H, Malysheva E, Malysheva V,
Nuytinck ], Qiao M, Saini MK, Scur MC, Sharma S, Shu L-L, Spirin V, Tanaka Y, Tojo M,
Uzuhashi S, Valério-Janior C, Verbeken A, Verma B, Wu R-H, Xu J-B, Yu Z-E Zeng H, Zhang
B, Banerjee A, Beddiar A, Bordallo JJ, Dafti A, Dima B, Krisai-Greilhuber I, Lorenzini M,
Mandal R, Morte A, Nath PS, Papp V, Pavlik ], Rodriguez A, Seveikova H, Urban A, Voglmayr
H, Zapparoli G (2018) Fungal systematics and evolution: FUSE 4. Sydowia 70: 211-286.

Matheny PB (2005) Improving phylogenetic inference of mushrooms with RPB1 and RPB2
nucleotide sequences (/nocybe; Agaricales). Molecular Phylogenetics and Evolution 35(1):
1-20. https://doi.org/10.1016/j.ympev.2004.11.014

Matheny PB (2009) A phylogenetic classification of the Inocybaceae. Mcllvainea 18(1): 11-21.

Matheny PB, Aime MC, Bougher NL, Buyck B, Desjardin DE, Horak E, Kropp BR, Lodge
DJ, Soytong K, Trappe JM, Hibbett DS, Hibbett DS (2009) Out of the Palacotropics? His-
torical biogeography and diversification of the cosmopolitan ectomycorrhizal mushroom
family Inocybaceae. Journal of Biogeography 36(4): 577-592. https://doi.org/10.1111/
j-1365-2699.2008.02055.x

Matheny PB, Hobbs AM, Esteve-Raventds F (2019) Genera of Inocybaceae: New skin for the old
ceremony. Mycologia 112(1): 83—120. https://doi.org/10.1080/00275514.2019.1668906

Matheny PB, Kudzma LV (2019) New species of Inocybe (Inocybaceae) from eastern
North America. Journal of the Torrey Botanical Society 146(3): 213-235. https://doi.
org/10.3159/TORREY-D-18-00060.1

Matheny PB, Liu YJ, Ammirati JE Hall BD (2002) Using RPB1 sequences to improve phy-
logenetic inference among mushrooms (/rzocybe, Agaricales). American Journal of Botany

89(4): 688-698. https://doi.org/10.3732/ajb.89.4.688



30 Malka Saba et al. | MycoKeys 69: 1-31 (2020)

Matheny PB, Pradeep CK, Vrinda KB, Varghese SP (2012) Auritella foveata, a new species of
Inocybaceae (Agaricales) from tropical India. Kew Bulletin 67(1): 119-125. https://doi.
org/10.1007/s12225-012-9329-9

Miller MA, Pfeiffer W, Schwartz T (2010) Creating the CIPRES Science Gateway for inference
of large phylogenetic trees. Proceedings of the Gateway Computing Environments Work-
shop (GCE), 14 Nov 2010, 1-8. https://doi.org/10.1109/GCE.2010.5676129

Munsell Soil Color Charts (1975) Munsell Color Company. Baltimore, Maryland.

Naseer A, Khalid AN, Smith ME (2018) Inocybe shawarensis sp. nov. in the Inosperma clade
from Pakistan. Mycotaxon 132(4): 909-918. https://doi.org/10.5248/132.909

Nawaz R, Khalid AN, Hanif M, Razaq A (2013) Lepiota vellingana sp. nov. (Basidiomycota,
Agaricales), a new species from Lahore, Pakistan. Mycological Progress 12(4): 727-732.
hteps://doi.org/10.1007/s11557-012-0884-0

Nguyen L-T, Schmidt HA, Von Haeseler A, Minh BQ (2015) IQ-TREE: A fast and effective
stochastic algorithm for estimating maximum likelihood phylogenies. Molecular Biology
and Evolution 32: 268-274. https://doi.org/10.1093/molbev/msu300

Peel MC, Finlayson BL, McMahon TA (2007) Updated world map of the Képpen-Geiger cli-
mate classification, Hydrology and Earth System Sciences 11(5): 1633—1644. https://doi.
org/10.5194/hess-11-1633-2007

Pradeep CK, Vrinda KB, Varghese SB, Korotkin HB, Matheny PB (2016) New and noteworthy
species of Inocybe (Agaricales) from tropical India. Mycological progress 15(3): 24. https://
doi.org/10.1007/s11557-016-1174-z

Qasim T, Amir T, Nawaz R, Niazi AR, Khalid AN (2015) Leucoagaricus lahorensis, a new spe-
cies of L. sect. Rubrotincti. Mycotaxon 130(2): 533-541. https://doi.org/10.5248/130.533

Qasim T, Khalid AN, Vellinga EC, Razaq A (2015) Lepiota albogranulosa sp. nov. (Agari-
cales, Agaricaceae) from Lahore, Pakistan. Mycological Progress 14(5): 24. https://doi.
org/10.1007/s11557-015-1037-z

Razaq A, Khalid AN, Vellinga EC (2012) Lepiota himalayensis (Basidiomycota, Agaricales), a
new species from Pakistan. Mycotaxon 121: 319-325. https://doi.org/10.5248/121.319

Razaq A, Shahzad S (2017) Additions to the diversity of mushrooms in Gilgit-Baltistan, Paki-
stan. Pakistan Journal of Botany 49(SI): 305-309.

Ryberg M, Nilsson RH, Kristiansson E, Topel M, Jacobsson S, Larsson E (2008) Mining meta-
data from unidentified ITS sequences in GenBank: a case study in /nocybe (Basidiomy-
cota). BMC Evolutionary Biology 8(1): 50. https://doi.org/10.1186/1471-2148-8-50

Saba M, Ahmad I, Khalid AN (2015) New reports of /nocybe from pine forests in Pakistan.
Mycotaxon 130(3): 671-681. https://doi.org/10.5248/130.671

Saba M, Haelewaters D, Fiaz M, Khalid AN, Pfister DH (2019a) Amanita mansehraensis, a
new species in section Vaginatae from Pakistan. Phytotaxa 409(4): 189-201. https://doi.
org/10.11646/phytotaxa.409.4.1

Saba M, Haelewaters, D, Iturriaga T, Ashraf T, Khalid AN, Pfister DH (2019b) Geopora ahma-
dii sp. nov. from Pakistan. Mycotaxon 134(2): 377-389. https://doi.org/10.5248/134.377

Sarwar S, Saba M, Khalid AN, Dentinger BM (2015) Suillus marginielevatus, a new species
and S. mriacicularis, a new record from Western Himalaya, Pakistan. Phytotaxa 203(2):

169-177. hteps://doi.org/10.11646/phytotaxa.203.2.6



New species of Pseudosperma from Pakistan 31

Smith AH, Stuntz DE (1950) New or noteworthy fungi from Mt. Rainier National Park. My-
cologia 42(1): 80—134. https://doi.org/10.1080/00275514.1950.12017817

Song J, Liang J-F, Mehrabi-Koushki M, Krisai-Greilhuber I, Ali B, Bhatt VK, Cerna-Mendoza
A, Chen B, Chen Z-X, Chu H-L, Corazon-Guivin MA, da Silva GA, De Kesel A, Dima B,
Dovana F, Farokhinejad R, Ferisin G, Guerrero-Abad JC, Guo T, Han L-H, Ilyas S, Justo
A, Khalid AN, Khodadadi-Pourarpanahi S, Li T-H, Liu C, Lorenzini M, Lu J-K, Mumtaz
AS, Ochl E Pan X-Y, Papp V, Qian W, Razaq A, Semwal KC, Tang L-Z, Tian X-L, Vallejos-
Tapullima A, van der Merwe NA, Wang S-K, Wang C-Q, Yang R-H, Yu E Zapparoli G,
Zhang M, Antonin V, Aptroot A, Aslan A, Banerjee A, Chatterjee S, Dirks AC, Ebrahimi
L, Fotouhifar K-B, Ghosta Y, Kalinina LB, Karahan D, Maiti M, Mookherjee A, Nath
PS, Panja B, Saha ], Seveikova H, Voglmayr H, Yazict K, Haelewaters D (2019) Fungal
Systematics and Evolution 5. Sydowia 71: 141-245.

Stangl ] (1989) Die Gattung /nocybe in Bayern. Hoppea 46: 5-388.

Thongklang N, Nawaz R, Khalid AN, Chen ], Hyde KD, Zhao R, Parra LA, Hanif M, Moi-
nard M, Callac P (2014) Morphological and molecular characterization of three Agaricus
species from tropical Asia (Pakistan, Thailand) reveals a new group in section Xanthoder-
matei. Mycologia 106(6): 1220-1232. https://doi.org/10.3852/14-076

Ullah Z, Jabeen S, Ahmad H, Khalid AN (2018). Inocybe pakistanensis, a new species in sec-
tion Rimosae s. str. from Pakistan. Phytotaxa 348(4): 279-288. https://doi.org/10.11646/
phytotaxa.348.4.4

Vauras ], Huhtinen S (1986) Finnish records on the genus /nocybe ecology and distribution of
four calciphilous species. Karstenia 26(2): 65-72. https://doi.org/10.29203/ka.1986.246

Vilgalys R, Hester M (1990) Rapid genetic identification and mapping of enzymatically am-
plified ribosomal DNA from several Cryprococcus species. Journal of Bacteriology 172(8):
4238-4246. https://doi.org/10.1128/]B.172.8.4238-4246.1990

White TJ, Bruns TD, Lee SB, Taylor JW (1990) Analysis of phylogenetic relationships by
amplification and direct sequencing of ribosomal RNA genes. In: Innis MA, Gelfand DH,
Sninsky JJ, White TJ (Eds) PCR Protocols: a guide to methods and applications. Academic
Press, San Diego, 315-322. https://doi.org/10.1016/B978-0-12-372180-8.50042-1






A peer-reviewed open-access journal

MycoKeys 69: 33-52 (2020)

doi: 10.3897/mycokeys.69.53205 RESEARCH ARTICLE MYCOI(CyS

http://mycokeys.pensoft.net Launched to accelerate biodiversity research

Novel species of Huntiella from naturally-occurring
forest trees in Greece and South Africa

FeiFei Liu'?, Seonju Marincowitz', ShuaiFei Chen'?, Michael Mbenoun',

Panaghiotis Tsopelas®, Nikoleta Soulioti®, Michael J. Wingfield'

| Department of Biochemistry, Genetics and Microbiology (BGM), Forestry and Agricultural Biotechnology In-

stitute (FABI), University of Pretoria, Pretoria 0028, South Africa 2 China Eucalypt Research Centre (CERC),
Chinese Academy of Forestry (CAF), Zhanfiang, 524022, GuangDong Province, China 3 Institute of Mediter-
ranean Forest Ecosystems, Terma Alkmanos, 11528 Athens, Greece

Corresponding author: ShuaiFei Chen (shuaifei.chen@gmail.com)

Academic editor: R. Phookamsak | Received 13 April 2020 | Accepted 4 June 2020 | Published 10 July 2020

Citation: Liu FE, Marincowitz S, Chen SE Mbenoun M, Tsopelas P, Soulioti N, Wingfield MJ (2020) Novel species
of Huntiella from naturally-occurring forest trees in Greece and South Africa. MycoKeys 69: 33-52. https://doi.
org/10.3897/mycokeys.69.53205

Abstract

Huntiella species are wood-infecting, filamentous ascomycetes that occur in fresh wounds on a wide va-
riety of tree species. These fungi are mainly known as saprobes although some have been associated with
disease symptoms. Six fungal isolates with typical culture characteristics of Huntiella spp. were collected
from wounds on native forest trees in Greece and South Africa. The aim of this study was to identify these
isolates, using morphological characters and multigene phylogenies of the rRNA internal transcribed
spacer (ITS) region, portions of the 3-tubulin (BT1) and translation elongation factor 1o (TEF-1a) genes.
The mating strategies of these fungi were also determined through PCR amplification of mating type
genes. The study revealed two new species; one from Platanus orientalis in Greece and one from Colophos-
permum mopane and Senegalia nigrescens in South Africa. These novel taxa have been provided with the
names, H. hellenica sp. nov. and H. krugeri sp. now., respectively. The former species was found to have a
homothallic and the latter a heterothallic mating system.
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Introduction

Huntiella species are members of the family Ceratocystidaceae (Microascales, Sordari-
omycetes) as defined by De Beer et al. (2014). This family includes 15 genera, namely
Ambrosiella, Berkeleyomyces, Bretziella, Catunica, Ceratocystis, Chalaropsis, Davidsoniella,
Endoconidiophora, Huntiella, Meredithiella, Phialophoropsis, Solaloca, Tielaviopsis, Toshi-
olenlla and Wolfgangiella (De Beer et al. 2014, 2017; Mayers et al. 2015, 2020; Nel et al.
2018). The type species of Huntiella, H. moniliformis, was first isolated from a sweetgum
(Liguidambar styraciflua) in Texas, USA (Von Schrenk 1903). It was initially described
as Ceratostomella moniliformis (Hedgcock 1906) and later transferred to Ceratocystis
(Moreau 1952). When the family Ceratocystidaceae was redefined (De Beer et al. 2014),
Huntiella was established as a distinct genus, which can be distinguished from Cerato-
cystis and other members of the Ceratocystidaceae, based on their unique morphological
features (Davidson 1935; Van Wyk et al. 2006; Wingfield et al. 2013). Most Huntiel-
la spp. are easily recognised by a relatively-thick collar plate connecting the ascomatal
necks and bases and ascomatal bases that are rough and ornamented with conical spines
(Hedgcock 19006). In addition, aleurioconidia are rarely found in Huntiella species un-
like most species of Ceratocystis sensu stricto with which they were previously confused
(Hedgcock 1906; De Beer et al. 2014; Mbenoun et al. 2016).

Many species in the Ceratocystidaceae are important pathogens of woody plants,
including agricultural, fruit and forest tree crops (Kile 1993; Roux and Wingfield
2009). These pathogens result in a multiplicity of symptoms, such as branch and stem
cankers, vascular staining, wilt, root rot, die-back and fruit rot (Kile 1993; Harrington
2004; Roux and Wingfield 2009). Huntiella spp. are generally considered saprobes or
weak pathogens associated with relatively-minor lesions or sap stain of timber (Van
Wyk et al. 2004, 2006, 2011; Tarigan et al. 2010; Kamgan Nkuekam et al. 2012; Chen
et al. 2013; Mbenoun et al. 2016; Liu et al. 2018). However, there have been a few
reports of more severe disease symptoms and even mortality caused by Huntiella spp.
(Cristobal and Hansen 1962; De Errasti et al. 2015)

Huntiella species are most commonly isolated from freshly-made wounds on trees,
to which they are vectored by insects, especially sap-feeding beetles in the Nitidulidae
(Heath et al. 2009; Kamgan Nkuekam et al. 2012; Mbenoun et al. 2016, 2017). It
has been suggested that the relationship between Huntiella species and sap beetle is
symbiotic and mutually beneficial, as the insects benefit from essential nutritional sup-
plementation from their fungal partners, while the fungi benefit from transportation
and access to scanty and ephemeral substrates (Mbenoun et al. unpublished data).
Moreover, one species (H. bhutanensis) is found in association with the bark beetle Zps
schmutzenhoferi (Van Wyk et al. 2004), which is similar to various important species of
Endoconidiophora (De Beer et al. 2014), although the nature of insect-fungus interac-
tion in this association is unknown.

Huntiella spp. are particularly interesting in terms of their mating biology. Huntiel-
la fecunda and H. moniliformis were, for example, shown to exhibit a unisexual mat-
ing system, unlike the many heterothallic species found in this genus (Wilson et al.
2015; Liu et al. 2018). More recent studies have revealed a diversity of mating systems
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in Huntiella spp., including those that are homothallic, heterothallic and unisexual
(Wilson et al. 2015; Liu et al. 2018). Efforts are consequently being made to collect
these fungi, providing a basis for future fungal genetics studies, but also, together with
genomics data (Wingfield et al. 2016), to better understand their biology.

Huntiella species are most commonly found in tropical and sub-tropical regions
of the world (Van Wyk et al. 2004, 2006, 2011; Kamgan Nkuekam et al. 2012; De
Errasti et al. 2015; Mbenoun et al. 2014, 2016; Liu et al. 2018). Twenty-nine species
are currently recognised in the genus (Liu et al. 2018). These fungi are grouped in three
well-supported genealogical lineages that correspond to geographic centres, where they
appear to have radiated (Mbenoun et al. 2016; Liu et al. 2018). These include species
in an African Clade known only from Africa, an Asian Clade distributed across Asia
and an Indo-Pacific Clade found in Australia and Pacific Islands and some parts of
Asia. However, the diversity of Huntiella in most regions, including especially Europe,
North and South America, is largely unexplored.

The objective of this study was to identify two fungal isolates collected from Pla-
tanus orientalis L. in Greece and four isolates from Colophospermum mopane (Benth.)
J. Léonard and Senegalia nigrescens (Oliv.) P. Hurter in South Africa. These fungi dis-
played typical culture characteristics of Huntiella spp., including rapid growth on agar
medium, white fluffy mycelia when young, as well as the production of fruity aroma.
Identification was accomplished, based on morphology and multigene phylogenies for
the ITS, BT1 and TEF-1a gene regions. Furthermore, we considered the mating biol-
ogy of these isolates in order to complement our taxonomic studies.

Materials and methods

Fungal isolations

Three South African Huntiella isolates were collected from fresh wounds of Colophos-
permum mopane in Kruger National Park in April 2009 and another one of the South
African isolates was obtained from a broken branch of a Senegalia nigrescens tree dam-
aged by elephants in Kruger National Park in June 2010. The isolates from Greece were
obtained from the stump of a Platanus orientalis tree that was cut about two months
before sampling, in a natural forest along the banks of the Spercheios River in Phthiotis
Regional Unit during November 2018. Isolation from wood samples was performed
using a trapping technique originally described by Grosclaude et al. (1988). This is a
standard diagnostic protocol for the isolation of Ceratocystis platani (Walter) Engelbre-
cht & Harrington using freshly-cut twigs of P orientalis as bait (OEPP/EPPO 2014).
Isolates from Greece were made by transferring ascospore masses from the tips of
the ascomata on the surface of Platanus twig baits, formed on infected wood surface,
to 2% malt extract agar (MEA: 20 g Biolab malt extract, 20 g Difco agar, 1 litre
water), using a sterile needle under a dissection microscope (Carl Zeiss Co. Ltd.,
Oberkochen, Germany). The South African isolate was obtained by transferring my-
celial strands from infected wood on to MEA. Primary isolations were incubated
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for 3—7 d at 25 °C. From these isolations, purified cultures from single hyphal tips
were prepared for morphological characterisation, phylogenetic analyses and mating-
type studies. All purified isolates were deposited in the culture collection (CMW) of
the Forestry and Agricultural Biotechnology Institute (FABI), University of Pretoria,
South Africa and the living culture collection (PPRI) of the South African National
Collection of Fungi (NCF), Roodeplaat, Pretoria, South Africa. The dried-down type
specimens were deposited in the National Collection of Fungi (PREM), Roodeplaat,
Pretoria, South Africa.

DNA extraction, PCR and sequencing

All the isolates obtained in this study were used for DNA sequence-based characterisa-
tion. Total genomic DNA was extracted from the mycelium of isolates grown on 2%
MEA for 3—4 d at 25 °C, using Prepman Ultra Sample Preparation Reagent (Thermo
Fisher Scientific, Waltham, MA, USA) following the manufacturer’s protocols. Three
gene regions were amplified for sequencing and phylogenetic analyses. These included
the Internal Transcribed Spacer (ITS) regions 1 and 2, including the 5.8S rRNA, a
partial B-tubulin 1 gene (BT1) and a partial Translation Elongation factor-lo gene
(TEF-1a), amplified using the set of primers as described by Liu et al. (2018).

A total volume of 25 pl PCR reaction mixture contained 1 pl of DNA template,
0.5 pl (10 pM) of each primer (Forward and Reverse), 5 ul MyTaq PCR buffer (Bio-
line GmbH, Germany) and 0.3 ul of MyTaq DNA Polymerase (Bioline GmbH, Ger-
many). The PCR reactions were conducted using an Applied Biosystems ProFlex PCR
System (Thermo Fisher Scientific, Waltham, MA, USA). The PCR programme for
amplification of the ITS, BT1 and TEF1-a gene regions was as follows: an initial de-
naturation step at 95 °C for 5 min followed by 35 cycles of 30 s at 95 °C, 45 s at 56 °C
and 60 s at 72 °C and a final extension step at 72 °C for 10 min. Amplified fragments
were purified using ExoSAP-IT™ PCR Product Cleanup Reagent (Thermo Fisher Sci-
entific, Waltham, MA, USA) to remove excess primers and dNTPs. Amplicons were
sequenced in both directions using an ABI PRISM™ 3100 DNA sequencer (Applied
Biosystems, USA) at the Sequencing Facility of the Faculty of Natural and Agricultural
Sciences, University of Pretoria, Pretoria, South Africa.

Multi-gene phylogenetic analyses

The programme Geneious v. 7.0 was used to edit and assemble raw sequence reads into
contigs (Kearse et al. 2012). Sequence data for representative type isolates of all de-
scribed Huntiella spp. (except H. decorticans) were downloaded from GenBank (heep://
www.ncbi.nlm.nih.gov). The sequences were aligned using MAFFT v. 7 with an online
FFT-NS-i strategy (https://mafft.cbrc.jp/alignment/server/; Katoh and Standley 2013)
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and confirmed visually. Sequences for the novel species discovered in this study were
deposited in GenBank.

Single gene sequence datasets of the ITS, BT1 and TEF-1a and the combined
dataset of the three gene regions were analysed using Maximum Likelihood (ML),
Maximum Parsimony (MP) and Bayesian Inference (BI). The appropriate substitution
model for each dataset was obtained using the software package jModeltest v. 2.1.5
(Posada 2008). The ML phylogenetic analyses were conducted using PhyML v. 3.0
(Guindon and Gascuel 2003). Confidence levels for the nodes were determined using
1000 bootstrap replicates. MP analyses were performed using PAUP v. 4.0b10 (Swof-
ford 2003). Gaps were treated as a fifth character. BI analyses were conducted using
MrBayes v. 3.2.6 (Ronquist et al. 2012) on the CIPRES Science Gateway v. 3.3. Four
Markov Chain Monte Carlo (MCMC) chains were run from a random starting tree
for five million generations and trees were sampled every 100 generations. Twenty-five
percent of the trees sampled were discarded as burn-in and the remaining trees were
used to construct 50% majority rule consensus trees. Ceratocystis cercfabiensis (isolate
CMW 43029) was used as the outgroup taxon for all the phylogenetic analyses. The
resulting trees were visualised using MEGA v. 7.

Microscopy, growth study and mating-type assignment

Morphological features were studied on the isolates grown on 2% MEA. The fruiting
structures were initially mounted in water and this was later replaced with 85% lactic
acid and in which measurements were made and images captured. Nikon microscopes
(Eclipse N7, SMZ 18, Nikon, Tokyo, Japan) mounted with a camera (Nikon DS Ri-2)
were used for all observations. Fifty measurements of each relevant microscopic struc-
ture were made when available and these are presented as minimum-maximum and
average T standard deviation.

A study of growth in culture was conducted at temperatures from 5-35 °C at 5 °C
intervals on the 90 mm Petri dishes containing 2% MEA. A mycelial plug (5 mm
diam.) taken from an actively-growing colony was placed at the centres of Petri dishes.
Four replicates per isolate were used to study growth rate and the experiment was
repeated once. Colony diameters were assessed by taking two measurements perpen-
dicular to each other for all isolates daily and growth rates were calculated. Colony
characteristics were described on the same medium used for the growth studies and
colours were assessed using the colour charts of Rayner (1970).

The mating type (MAT) of the studied Huntiella spp. was determined, based
on the results of the mating type PCR reactions (Wilson et al. 2015). Primers, to
see which of the MAT genes, Oman_111_F and Oman_111_R were thus used to
amplify a 335 bp fragment of the MAT1-1-1 gene and Om_Mo_121_F and Om_
Mo_121_R to amplify a 572 bp fragment of the MAT1-2-1 gene, as described by
Wilson et al. (2015).
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Results

Fungal isolations

Six isolates resembling Huntiella spp. were included in this study. Two isolates had asco-
mata with long necks, conical spines on the ascomatal bases and hat-shaped ascospores
and four isolates had only thielaviopsis-like asexual state (Van Wyk etal. 1991). Four iso-
lates were collected from Colophospermum mopane and Senegalia nigrescens in the Kruger
National Park of South Africa and two isolates were from Platanus orientalis in Greece.
Ascomata resembling Huntiella spp. were observed on twig baits from P orientalis sam-
ples from Greece and two isolates were obtained in pure culture. All isolates obtained
in this study have been preserved in the culture collections described above (Table 1).

Multi-gene phylogenetic analyses

All six isolates, included in this study, were successfully sequenced at all three selected
gene regions for phylogenetic analyses, resulting in DNA sequence data of approxi-
mately 614, 574 and 830 bp for the ITS, BT'1 and TEF-1« gene regions, respectively.
These newly-generated sequences were deposited in GenBank (Table 1). Comparisons
with reference sequences of previously-described Huntiella spp. produced a concat-
enated sequence alignment which was deposited in TreeBASE (no. 26341).

The three tree topologies resulting from ML, MP and BI were concordant and showed
similar phylogenetic relationships amongst taxa (Fig. 1, Suppl. materials 1-3: Figs S1-S3).
Based on the phylogenetic analyses of the BT'1 (Suppl. materil 2, Fig. S2), TEE-1o (Suppl.
material 3: Fig. S3) and the combined gene regions (Fig. 1), the six isolates clustered in two
well-supported clades, clearly separated from each other and from previously described
Huntiella spp. The ITS tree (Suppl. material 1: Fig. S1) provided a poor resolution to
separate the species. All the isolates grouped in the African Clade of Huntiella spp. (Fig. 1).

Taxonomy

Huntiella hellenica F.F. Liu. Marinc. & M.]. Wingf., sp. nov.
MycoBank No: 835637
Fig. 2

Etymology. The name refers to the country, Greece where this fungus was collected.
Mating strategy. Homothallic, with sexually complementary isolates having both
the MAT1-1-1 and MAT1-2-1 genes.
Sexual state. Ascomata produced in 2% MEA in a week, perithecial; ascomatal bases
mostly embedded in thick or loose mycelial mat, globose to ellipsoidal or obpyriform, pale
brown when young, becoming dark brown with age, 173-377 um long (avg. 238.8 pm),
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ITS+BT1+TEF

90/96/1y H. inquinans CMW21106
93/8944 " H. inquinans CMW21107
- H. glaber CMW43436
%MM 0117 H. g{aber CMW49299

H. microbasis CMW21115

H. microbasis CMW21117
H. chinaeucensis CMW 24658
63/67/0.96 H. chinaeucensis CMW24661
H. sumatrana CMW21109
H. sumatrana CMW21111
H. confusa CMW43452

99/100/1
59/76/1

H. omanensis CMW 11048
100/10011 — H. omanensis CMW3800
9919911 H. eucalypti CMW44692

H. eucalypti CMW44693

H. ani CMW44684

H. ani CMW44686

[y H. bellula CMW49312

3av1d NVISV

69/65/" H. fabiensis CMW49309
H. bhutanensis CMW8217

78/95/0.99

H. inaequabilis CMW49306
H. meiensis CMW44374
99/99/1 H. meiensis CMW44376

1m H. moniliformopsis CMW 10214
H. moniliformopsis CMW9986
%' H. tribiliformis CMW13011
H. tribiliformis CMW 13012
100/100/1 94186/ H. tyalla CMW28917
H. tyalla CMW28920
H. fecunda CMW49303
- 761121099 H. fecunda CMW49302
Q0100 H. sublaevis CMW22444
H. sublaevis CMW22449
H. moniliformis CMW4114
H. moniliformis CMW9590

98/100/1

100/100/1

981001y H. chlamydoformis CMW 36932
H. chlamydoformis CMW37102
1901100415 H. decipiens CMW25914
H. decipiens CMW25918
H. salinaria CMW25911
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Figure 1. ML tree of Huntiella species generated from the combined DNA sequence data of ITS, BT1
and TEF-1o. DNA. Sequences generated from this study are printed in bold type. Bold branches indicate
posterior probabilities values = 0.9. Bootstrap values and posterior probabilities values are presented above
branches as ML/MP/BI. Bootstrap value < 50% or probabilities values < 0.9 are marked with *. Nodes lack-
ing the support value are marked with -. Ceratocystis cercfabiensis (CMW 43029) represents the outgroup.
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157-493 pm wide (avg. 218.2 pm), ornamented with spine-like structures, dark brown,
conical, 12-29 pum long, 4-9 um wide at base becoming attenuated; ostiolar necks upright,
straight, occasionally situated at off-centre of base, darker than base when young, 344—
616 pm long (avg. 515.5 um), 34-60 um wide (avg. 46.6 um) at base, gradually tapering
towards apex; ostiolar hyphae hyaline, straight to divergent, 15-39 um long, 1-3 pm wide,
tapering towards apex. Asci evanescent. Ascospores hyaline, subglobose, aseptate, covered
with sheath giving a hat-like feature in side view, 4-5.5 x 3—4.5 pm (5 + 0.23 x 4 £
0.28 pm) excluding sheath.

Asexual state. Thielaviopsis-like Conidiophores macronematous, simple or
branched; when branched radiating from basal cell once, often reduced to con-
idiogenous cells. Conidiogenus cells endoblastic, hyaline, varying from lageniform
to cylindrical depending spore shape; in case of thick barrel-shaped conidia, apex
often becoming wider than base. Conidia hyaline, 1-celled, in two recognisable
shapes; majority ellipsoidal to barrel-shaped (side swollen, ends round), typical
fat barrel-shaped 5-8 x 4.5-7.5 pm (5.9 = 0.61 x 5.3 £ 0.55 pm), width of
some barrel-shaped ranging 2.5-4 pm wide; rectangular-shaped (side straight, ends
truncated), not commonly found, 5-9 x 1-3 um (6.9 £ 1.18 x 2.3 + 0.38 pm).
Aleurioconidia not observed.

Culture characteristics. Cultures on 2% MEA in dark in 8 d showing circular
growth with even edge, mycelium flat, superficial, medium dense and texture becom-
ing pelt-like with age, colour above not uniform, salmon (11f’) to ochreous (15b’) with
inner half irregularly umber (13m), below ochreous (15b°) with inner half irregularly
umber (131) at centre. Optimum growth temperatures at 30 °C at 9.6 mm/d, followed
by at 25 °C (7.6 mm/d), 35 °C (7.2 mm/d), 20 °C (4.7 mm/d), 15 °C (3.2 mm/d),
10 °C (1.1 mm/d) and 5 °C (0.2 mm/d).

Specimens examined. GREECE, Phthiotis, near the village Kastri, occurring on
freshly-cut stumps of Platanus orientalis in a natural forest along the banks of the
Spercheios River, Nov. 2018, P Tsopelas & N. Soulioti, PREM 62889, holotype (dried
culture of CMW 54800), culture ex-holotype CMW 54800 = PPRI 27982, other
cultures CMW 54801 = PPRI 27983.

Notes. The sexual state of H. hellenica developed at temperatures over 25 °C.
Cultures incubated at 20 °C and below produced only the asexual state. Huntiella
hellenica is closely related to H. savannae (Kamgan Nkuekam et al. 2008), H. pyc-
nanthi (Mbenoun et al. 2016) and H. krugeri. It can, however, be distinguished
from these two species by the dimensions of ascomatal necks and barrel-shaped
conidia and growth rate. Huntiella hellenica produced shorter (average 515.5 pm
long) ascomatal necks than H. savannae (average 579 um long) and H. pycnanthi
(average 673 um long). Huntiella hellenica had larger (average 6.9 x 2.3 pm) barrel-
shaped conidia than H. savannae (average 4.8 x 3 pm) and H. pycnanthi (average 6
x 3 pm). Optimal temperature for growth of H. hellenica was 30 °C, similar to H.
savannae and H. pycnanthi, but H. hellenica differed from H. pycnanthi in growing
minimally at 10 °C and below.
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Figure 2. Micrographs of Huntiella hellenica sp. nov. (ex-holotype CMW 54800 = PPRI 27982) A cul-
ture grown on 2% MEA at 30 °C (optimum growth temperature) in the dark for 34 d B, C colony with

ascomatal base embedded in mycelia with ascospore mass at the tip of ostiolar neck D—F young ascoma
showing development of ostiolar neck and less-pigmented base G, H mature ascoma ornamented with
spines | close-up of ascomatal wall showing spines J-L close up of ornament (spin-like) M, N Ostiolar
hyphae O Ascospores P Ascospores covered with sheath appearing like a hat Q, R Germinating ascospores
S Lageniform conidiogenous cell T Cylindrical-shape conidiogenous cell U Conidia in various shapes
from diverse barrel-shaped to rectangular-shaped V rectangular-shaped conidia W chains of conidia.
Scale bars: 1 mm (B, C); 50 um (D-H); 10 um (I-W).
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Huntiella krugeri EF. Liu. Marinc. & M.]. Wingf., sp. nov.
MycoBank No: 835638
Fig. 3

Etymology. The name refers to the Kruger National Park in South Africa, where this
fungus was collected.

Mating strategy. Heterothallic with isolates having either a MAT1-1-1 gene or a
MAT1-2-1 gene.

Sexual state. Not observed.

Asexual state. Produced on 2% MEA in 3 weeks. Thielaviopsis-like. Conidio-
phores macronematous, upright, simple or branched in one tier, 29-37 pm in length,
often reduced to conidiogenous cells; Conidiogenous cells enteroblastic, lageniform,
10-20 pm long, 1.5-3 pm wide, tapering towards apex. Conidia hyaline, rectangular-
shaped, usually straight, with top-end conidium often club-shaped, 4-11 x 1-2 pm
(avg. 6.2 x 1.7 um). Aleurioconidia hyaline, holoblastic, mostly terminal, ellipsoidal
to subglobose with an extended tube-like base, club-shaped, 4-7 x 2-3 um (5.6 +
0.76 x 2.5 + 0.24 pm).

Culture characteristics. Cultures on 2% MEA in dark in 8 d showing circular
growth with even edge, mycelium superficial, flat, dense, colour above uniformly white,
below luteous (19). Optimum growth temperatures were at 30 °C at 9 mm/d, followed
by at 25 °C (8.2 mm/d), 35 °C (6.2 mm/d), 20 °C (6 mm/d), 15 °C (3.4 mm/d), 10 °C
(0.9 mm/d) and 5 °C (0.3 mm/d).

Specimens examined. SoutTH AFricA, Mpumalanga, Kruger National Park, Sa-
tara rest camp, Senegalz’a nigrescens, June 2010, M. Mbenoun, PREM 62883, holotype
(dried culture of CMW 36849), culture ex-holotype CMW 36849 = CBS 131676 =
PPRI 27952.

Other cultures. SoutH Arrica, Mpumalanga, Kruger National Park, Punda Ma-
ria, Colophospermum mopane, April 2009, M. Mbenoun, CMW 55933, CMW 55934,
CMW 55935.

Figure 3. Micrographs of Huntiella krugeri sp. nov. (ex-holotype CMW 36849 = CBS 131676 = PPRI
27952). A Culture grown on 2% MEA in the dark for 34 d B, € Conidiogenous cell D Conidia in vari-
ous shapes E Chain of conidia in different shapes F Chain of rectangular-shaped conidia with top-end of
club-shaped G, H Aleurioconidia. Scale bars: 10 pm (B—H).
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Notes. Huntiella krugeri is closely related to H. hellenica described in the present
study, H. cryptoformis (Mbenoun et al. 2014) and H. savannae (Kamgan Nkuekam et
al. 2008). Due to its heterothallic nature, H. krugeri produced only the asexual state
in this study. The bacilliform conidia of H. krugeri (average 6.2 x 1.7 um) were longer
than those of H. hellenica (average 5.9 x 5.3 um) and H. cryptoformis (average 5.5 x
2.5 um). In addition, H. krugeri produced hyaline aleurioconidia, which are absent in
other closely-related species in the genus.

Discussion

This study led to the discovery of two novel Huntiella species isolated from Platanus
orientalis in Greece, Colophospermum mopane and Senegalia nigrescens in the Kruger
National Park of South Africa. These two species, provided with the name H. hellenica
and H. krugeri, respectively, were shown to reside in the African Clade of Huntiella
(Mbenoun et al. 2014; Liu et al. 2018). The identity of H. hellenica and H. krugeri
emerged from a phylogenetic analysis of DNA sequence data for three gene regions
(ITS, BT1 and TEE-1a), as well as their distinct morphological characteristics. Mating
studies showed that Huntiella hellenica and H. krugeri were homothallic and heter-
othallic, respectively. All indications were that these two species are saprobes that grow
on the freshly-exposed surfaces of trees.

The stump of P orientalis, from which H. hellenica emerged, was sampled approxi-
mately two months after tree felling and it was also infected by the pathogen Cerazocys-
tis platani, which causes a devastating disease in natural stands of P orientalis in Greece.
Colonszation of the stcump with H. hellenica could have occurred on the freshly-cut
surface with a contaminated tool as occurs for C. platani (Tsopelas et al. 2017) or was
transferred by insect vectors.

The novel species described in this study showed typical characteristics of Huntiella
spp- They grew rapidly in culture; their mycelium was white when young and turned dark
with age. The one species that displayed a sexual state - H. hellenica, produced hat-shaped
ascospores and had short conical spines on the ascomatal bases. Temperature is known to
influence the ability of Huntiella spp. to produce a sexual state (Wilson et al. 2015) and
this was also true for H. hellenica, which did not produce acomata below 25 °C.

Comparison of DNA sequence data for multiple gene regions is essential when
seeking to identify species in Huntiella (Mbenoun et al. 2014; Liu et al. 2018). The
three gene regions, selected for this purpose, have been used in previous studies show-
ing that they can be collectively used to delineate species boundaries in the genus (Van
Wyk et al. 2004, 2006, 2011; Kamgan Nkuekam et al. 2012; Mbenoun et al. 2014,
2016; De Errasti et al. 2015; Liu et al. 2018). However, analyses of individual gene re-
gions revealed different levels of resolution, consistent with the results of previous stud-
ies on this group of fungi (Mbenoun et al. 2014; Liu et al. 2018). Thus protein coding
genes, in this case BT'1 and TEF-1a, provided the best resolution for species identifica-
tion of Huntiella, while ITS sequences provided little information or no support.
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Primers, developed to identify the mating type idiomorphs in Huntiella spp. (Wil-
son et al. 2015), were effective for this purpose in the present study. The results showed
that H. hellenica has both mating-type idiomorphs and this explains the presence of
sexual structures in all isolates derived from single hyphal tips. In contrast, the iso-
late of H. krugeri contained one mating gene and is clearly a heterothallic species of
Huntiella, also consistent with the fact that the isolate produced only an asexual state.
This result is also consistent with those of Liu et al. (2018) who showed that closely-
related Huntiella spp. can have different mating strategies. Collectively, Huntiella spp.
have a remarkable range of mating strategies, including homothallic and heterothallic
species, as well as those exhibiting unisexuality (Wilson et al. 2015; Liu et al. 2018).
The new species described here will contribute to future studies considering the evolu-
tion of mating in Huntiella.

The two new species of Huntiella, discovered in this study, bring the total num-
ber of species in the genus to 31. These are found in many different regions of the
world and on a wide variety of woody substrates (Van Wyk et al. 2004, 2006, 2011;
Kamgan Nkuekam et al. 2012; De Beer et al. 2014; Mbenoun et al. 2014, 2016;
De Errasti et al. 2015; Liu et al. 2018). The renewed interest that these fungi have
received during the course of the past decade has revealed unexpected complexity in
their ecological interactions (Mbenoun et al. unpublished data), evolutionary his-
tory (Mbenoun et al. 2014; Liu et al. 2018) and reproductive biology (Wilson et
al. 2015). The description of novel taxa, as reported in this study and the growing
accessibility of whole genome sequencing (Wingfield et al. 2016), should enable new
avenues of research that will contribute to a considerably better understanding of
Huntiella species in the future.
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Abstract

Two new species of Perenniporia, P pseudotephrapora sp. nov. and P subcorticola sp. nov., are introduced
respectively from Brazil and China based on morphological characteristics and molecular data. Perennipo-
ria pseudotephropora is characterised by perennial, pileate basidiocarps with distinctly stratified tubes, grey
pores, tissues becoming dark in KOH, a dimitic hyphal system with slightly dextrinoid arboriform skeletal
hyphae and broadly ellipsoid to subglobose, truncate, weakly dextrinoid, cyanophilous basidiospores,
measuring 4.9-5.2 x 4-4.8 pum. Perenniporia subcorticola is characterised by resupinate basidiocarps, yel-
low pores with thick dissepiments, tissues becoming dark in KOH, flexuous skeletal hyphae, ellipsoid,
truncate and slightly dextrinoid basidiospores, measuring 4.2-5 x 3.5-4.2 pm. The morphologically-
similar species and phylogenetically closely-related species to the two new species are discussed.

Keywords
phylogeny, polypore, taxonomy, wood-decaying fungi

Introduction

Perenniporia Murrill (Polyporales, Basidiomycetes) is typified by Polyporus unitus Pers.
(Decock and Stalpers 2006). Species in the genus are important, not only for the
wood-decaying, but also for their potential application in both biomedical engineer-
ing and biodegradation (Younes et al. 2007; Dai et al. 2009; Zhao et al. 2013; Si et
al. 2016). Perenniporia is characterised by mostly perennial, resupinate to pileate ba-

Copyright Chao-Ge Wang et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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sidiocarps, a dimitic to trimitic hyphal system with generative hyphae bearing clamp
connections, cyanophilous and variably dextrinoid skeletal hyphae or skeletal-binding
hyphae in most species and ellipsoid, to subglobose, truncate or not, thick-walled, vari-
ably dextrinoid and cyanophilous basidiospores. All Perenniporia species cause a white
rot (Ryvarden and Gilbertson 1994; Decock and Ryvarden 1999; Cui et al. 2019).

Extensive studies on the genus have been carried out during the last 20 years show-
ing a high species diversity and nowadays, 120 taxa have been found (e.g. Hattori and
Lee 1999; Decock 2001a, b; Decock et al. 2001; Dai et al. 2002; Decock and Stalpers
2006; Cui et al. 2007; Xiong et al. 2008; Cui and Zhao 2012; Zhao and Cui 2012;
Zhao et al. 2013; Decock and Ryvarden 2015; Jang et al. 2015; Decock 2016; Viache-
slav and Ryvarden 2016; Huang et al. 2017; Ji et al. 2017; Liu et al. 2017; Shen et al.
2018; Cui et al. 2019; Zhao and Ma 2019).

According to the phylogenetic analysis, based on I'TS and nuclear ribosomal partial
LSU DNA sequences, Robledo et al. (2009) demonstrated the fundamental phylogeny
of Perenniporia s.l., combined with such characteristics as a diversity of the vegetative
hyphae and basidiospores morphology. In their study, Perenniporia s.s. and Perenni-
poria s.l. were scattered into distinct clades, which is also supported by different mor-
phological traits. Zhao et al. (2013) divided Perenniporia s.l. into seven clades, based
on ITS and nLSU DNA phylogenetic inferences, each of these seven clades being dis-
tinguished by a specific combination of morphological characteristics that supported
recognition at the genus level. Some genera, having similar morphological characteris-
tics to Perenniporia, such as Amylosporia B.K. Cui et al., Murinicarpus B.K. Cui & Y.C.
Dai, Vanderbylia D.A. Reid, Truncospora Pilit and Hornodermoporus Teixeira, were also
proved to form distinct lineages in DNA-based phylogenetic analyses (Cui et al. 2019).
Besides, several new species were proved to belong to Perenniporia, based on morpho-
logical characteristics and phylogenetic evidence, which improved the understanding
of the phylogenetic structure of Perenniporia (Jang et al. 2015; Huang et al. 2017; Ji et
al. 2017; Liu et al. 2017; Zhao and Ma 2019).

During a study of wood-inhabiting polypore from Brazil and China, two unknown
species of Perenniporia were distinguished by both morphology and molecular data. In
this study, the two species are described and illustrated.

Materials and methods

Morphological studies

The studied specimens are deposited in the herbaria of the Institute of Microbiology,
Beijing Forestry University (BJFC) and Universidade Federal de Pernambuco (URM).
Morphological descriptions are based on field notes and herbarium specimens. Micro-
scopic analyses follow Zhao and Cui (2013). In the description: KOH = 5% potassium
hydroxide, IKI = Melzer’s reagent, IKI- = neither amyloid nor dextrinoid, CB = Cot-
ton Blue, CB+ = cyanophilous in Cotton Blue, CB- = acyanophilous, L = arithmetic
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average of all spore length, W = arithmetic average of all spore width, Q = L/W ratios,
n = number of spores/measured from given number of specimens. Colour terms are
cited from Anonymous (1969) and Petersen (1996).

Molecular studies and phylogenetic analysis

A CTAB rapid plant genome extraction kit-DN14 (Aidlab Biotechnologies Co., Ltd,
Beijing) was used to obtain PCR products from dried specimens, according to the man-
ufacturer’s instructions with some modifications (Shen et al. 2019; Sun et al. 2020).
Two DNA gene fragments, I'TS and nrLSU were amplified using the primer pairs ITS5/
ITS4 (White et al. 1990) and LROR/LR7 (http://www.biology.duke.edu/fungi/myco-
lab/primers.htm). The PCR procedures for ITS and nLSU followed Zhao et al. (2013)
in the phylogenetic analyses. DNA sequencing was performed at Beijing Genomics
Institute and the newly-generated sequences were deposited in the GenBank database.
Sequences generated for this study were aligned with additional sequences downloaded
from GenBank, using BioEdit (Hall 1999) and ClustalX (Thompson et al. 1997).

In the study, nuclear ribosomal RNA genes were used to determine the phylo-
genetic position of the new species. Sequence alignment was deposited at TreeBase
(submission ID 26254). Sequences of Donkioporia expansa (Desm.) Kotl. and Pouzar
and Pyrofomes demidoffii (Lév.) Kotl. and Pouzar, obtained from GenBank, were used
as outgroups (Zhao et al. 2013).

Phylogenetic analyses, used in this study, followed the approach of Han et al.
(2016) and Zhu et al. (2019). Maximum parsimony (MP) and Maximum Likelihood
(ML) analyses were conducted for the datasets of ITS and nLSU sequences. The best-
fit evolutionary model was selected by hierarchical likelihood ratio tests (hLRT) and
Akaike Information Criterion (AIC) in MrModeltest 2.2 (Nylander 2004) after scor-
ing 24 models of evolution by PAUP* version 4.0b10 (Swofford 2002).

The MP topology and bootstrap values (MP-BS) obtained from 1000 replicates
were performed using PAUP* version 4.0b10 (Swofford 2002). All characters were
equally weighted and gaps were treated as missing. Trees were inferred using the heu-
ristic search option with TBR branch swapping and 1000 random sequence additions.
Max-trees were set to 5,000, branches of zero length were collapsed and all parsimo-
nious trees were saved. Descriptive tree statistics tree length (TL), consistency index
(CI), retention index (RI), rescaled consistency index (RC) and homoplasy index (HI)
were calculated for each Maximum Parsimonious Tree (MPT) generated. Sequences
were also analysed using Maximum Likelihood (ML) with RAXML-HPC2 through
the CIPRES Science Gateway (www.phylo.org; Miller et al. 2009). Branch support
(BT) for ML analysis was determined by 1000 bootstrap replicates.

Bayesian phylogenetic inference and Bayesian posterior probabilities (BPP) were
performed with MrBayes 3.1.2 (Ronquist and Huelsenbeck 2003). Four Markov
chains were run for 4,650,000 generations until the split deviation frequency value
was less than 0.01 and trees were sampled every 100 generations. The first 25% of the
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sampled trees were discarded as burn-in and the remaining ones were used to recon-
struct a majority rule consensus and calculate Bayesian posterior probabilities (BPP)
of the clades.

Branches that received bootstrap support for maximum likelihood (ML), maxi-
mum parsimony (MP) and Bayesian posterior probabilities (BPP) = 75% (ML-BS),
75% (MP-BT) and 0.95 (BPP) were considered as significantly supported, respectively.

Results

Phylogeny results

The combined ITS and nLSU dataset contained 101 sequences from 101 specimens
referring to 59 taxa in this study. They were downloaded from GenBank and the se-
quences about Perenniporia corticola, P pseudotephropora and P subcorticola are new
(Table 1). The dataset had an aligned length of 2089 characters in the dataset, of
which, 1400 characters are constant, 181 are variable and parsimony-uninformative
and 508 are parsimony informative. Maximum Parsimony analysis yielded one equal-
ly-parsimonious tree (TL = 2627, CI = 0.389, RI = 0.711, RC = 0.277, HI = 0.611)
and a strict consensus tree of these trees is shown in Fig. 1. Best model applied in
the Bayesian analysis: GTR+I+G, Iset nst = 6, rates = invgamma; prset statefreqpr =
dirichlet (1, 1, 1, 1). Bayesian analysis resulted in a same topology with an average
standard deviation of split frequencies = 0.009950.

From the phylogenetic tree (Fig. 1), R pseudotephropora and P subcorticola were
absorbed in the genus Perenniporia. Moreover, P subcorticola formed a direct lineage
with a high approval rating (98/99/1.00) and 2 pseudotephropora produced an inde-
pendent lineage.

Taxonomy

Perenniporia pseudotephropora Chao G. Wang & F. Wu, sp. nov.
MycoBank No: 835122

Figs 2, 3

Diagnosis. The very thick dissepiments (thicker than pore diameter), tissues becoming
pale olivaceous to dark in KOH, flexuous and arboriform skeletal hyphae, ellipsoid to
globose, truncate and slightly dextrinoid basidiospores measuring 4.9-5.2 x 4-4.8 pm
highlight the species in Perenniporia.

Holotype. Brazil. Manaus, Parque Municipal Cachoeira das Orgideas, on rotten
angiosperm wood, 12. V. 2017, Y.C. Dai 17383 (BJFC024919).

Etymology. Pseudotephropora (Lat.): referring to the species similar to Perennipo-
ria tephropora.
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Figure 1. Phylogeny of Perenniporia and related species generated by maximum parsimony analysis,
based on combined ITS and nLSU sequences. Bootstrap supports for Maximum Likelihood (ML), Maxi-
mum parsimony (MP) and Bayesian posterior probabilities (BPP) are not lower than: 50% (ML-BS),
50% (MP-BT) and 0.90 (BPP) on the branches.
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Table I. Information for the sequences used in this study.

Chao-Ge Wang et al. / MycoKeys 69: 53—69 (2020)

Species Sample namber ITS nLSU
Abundisporus sclerosetosus MUCL 41438 FJ411101 FJ393868
A. violaceus MUCL 38617 FJ411100 FJ393867
Donkioporia expansa MUCL 35116 FJ411104 FJ393872
Hornodermoporus latissima Cui 6625 HQ876604 JE706340
H. martius MUCL 41678 FJ411093 FJ393860

MUCL 41677 FJ411092 FJ393859
Microporellus violaceo-cinerascens MUCL 45229 FJ411106 FJ393874
Perenniporia africana Cui 8674 KF018119 KF018128
P, africana Cui 8676 KF018120 KF018129
P aridula Dai 12396 JQO01854 JQO01846
Dai 12398 JQ001855 JQO01847
P, corticola Dai 17778 MT117219 MT117224
Dai 18526 MT117216 MT117221
Dai 18641 MT117218 MT117223
Dai 18633 MT117217 MT117222
P bambusicola Cui 11050 KX900668 KX900719
P bannaensis Cui 8560 JQ291727 JQ291729
Cui 8562 1Q291728 7Q291730
P bostonensis CL Zhao 2855 MG491285 MG491288
CL Zhao 2854 MG491284 MG491287
P, chiangraiensis Dai 16637 KY475566 -
P, cinereofusca Dai 9289 KF568893 KF568895
Cui 5280 KF568892 KF568894
P, subcorticola Cui 2655 HQ654093 HQ848483
Dai 7330 HQ654094 HQ654108
Cui 1248 HQ848472 HQ848482
P, ellipsospora Cui 10276 KF018124 KF018132
Cui 10284 Q861739 KF018133
Dfraxinea Cui 8871 JE706329 JE706345
P fraxinea Cui 8885 HQ876611 JE706344
P gomezii Dai 9656 KX900672 KX900722
P, hainaniana Cui 6366 JQ861745 JQ861761
Cui 6365 JQ861744 JQ861760
P japonica Cui 7047 HQ654097 HQG654111
P koreana KUC 20091030-32 KJ156313 KJ156305
KUC 20081002]-02 KJ156310 KJ156302
P lacerata Cui 7220 JX141448 JX141458
Dai 11268 TX141449 1X141459
P luteola Harkonen 1308a JX141456 JX141466
Harkonen 1308b JX141457 JX141467
P macropora Zhou 280 JQ861748 JQ861764
P maackiae Cui 8929 HQ654102 JE706338
Cui 5605 JNO048760 JN048780
P medulla-panis MUCL 43250 FJ411087 FJ393875
Cui 3274 JN112792 JN112793
P minor Dai 9198 KF495005 KF495016
Cui 5782 HQ883475 HQG54115
P minutissima Cui 10979 KF495003 KF495013
Dai 12457 KF495004 KF495014
P mopanshanensis CL Zhao 5145 MH784912 MH784916
CL Zhao 5152 MH784913 MH784917
P nanlingensis Cui 7620 HQ848477 HQ848486
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Species Sample namber ITS nLSU
P nonggangensis Dai 17857 MT232521 MT232515
GXU 2098 KT894732 KT894733
P, piceicola Cui 10460 JQ861742 JQ861758
Dai 4181 JF706328 JF706336
P pseudotephropora Dai 17383 MT117215 MT117220
P, pyricola Dai 10265 JN048761 JN048781
Cui 9149 IN048762 TN048782
P, rhizomorpha Dai 7248 JE706330 JE706348
Cui 7507 HQ654107 HQ654117
P robiniophila Cui 7144 HQ876608 JE706341
Cui 5644 HQ876609 JF706342
P russeimarginata Yuan 1244 JQ861750 JQ861766
D straminea Cui 8858 HQ654104 JF706334
Cui 8718 HQ876600 JE706335
P subacida Cui 10053 KF495006 KF495017
Dai 8224 HQ876605 JF713024
P subadusta Cui 8459 HQ876606 HQ654113
P substraminea Cui 10177 JQ001852 JQ001844
Cui 10191 Q001853 JQ001845
P subtephropora Dai 10964 JQ861753 JQ861769
Dai 10962 JQ861752 JQ861768
P tenuis Wei 2969 JQ001859 JQ001849
Wei 2783 JQO001858 JQ001848
P tephropora Cui 9029 HQ876601 JE706339
Cui 6331 HQ848473 HQ848484
D tibetica Cui 9459 JF706327 JF706333
P tianmuensis Cui 2648 JX141453 JX141463
Cui 2715 1X141454 IX141464
P, truncatospora Cui 6987 JN048778 HQ654112
Dai 5125 HQG654098 HQ848481
P yinggelingensis Cui 13856 MH427957 MH427965
Cui 13625 MH427960 MH427967
Perenniporiella chaquenia MUCL 47647 FJ411083 FJ393855
P chaquenia MUCL 47648 FJ411084 FJ393856
P micropora MUCL 43581 FJ411086 FJ393858
P neofulva MUCL 45091 FJ411080 FJ393852
Pyrofomes demidoffii MUCL 41034 FJ411105 F]393873
Truncospora detrita MUCL 42649 FJ411099 FJ393866
1. macrospora Cui 8106 JX941573 JX941596
T ochroleuca MUCL 39563 FJ411097 FJ393864
MUCL 39726 FJ411098 FJ393865
Dai 11486 HQG654105 JF706349
T ohiensis MUCL 41036 FJ411096 FJ393863
Cui 5714 HQ654103 HQ654116
Vanderbylia delavavi Dai 6891 JQ861738 KF495019
V. fraxinea DP 83 AM269789 AM269853
V. vicina MUCL 44779 FJ411095 FJ393862

Basidiocarps. Perennial, resupinate or effused-reflexed to pileate, without odour
or taste when fresh, becoming hard corky when dry. Pilei applanate, semicircular to
fan-shaped, projecting up to 1 c¢m, 3.5 cm wide and about 1 c¢m thick at base. Pile-
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Figure 2. Basidiocarps of Perenniporia pseudotephropora (Holotype, Y.C. Dai 17383). Scale bar: 1 cm.
Photo by Fang Wu.

al surface pinkish-buff, grey to greyish-brown, smooth. Pore surface greyish to pale
brown; pores tiny, round, 8-9 per mm; dissepiments thick, thicker than pore diameter,
entire. Context thin, fawn to brown, corky, up to 0.5 mm thick. Tubes buff to brown,
darker than pore surface, distinctly stratified, hard corky, up to 9.5 mm long.

Hyphal structure. Hyphal system dimitic; generative hyphae bearing clamp con-
nections; skeletal hyphae arboriform branched, slightly dextrinoid, CB+; tissues be-
coming pale olivaceous to dark in KOH.

Context. Generative hyphae infrequent, hyaline, thin-walled, bearing clamp con-
nections, 1.6-2.2 pm in diam.; skeletal hyphae dominant, thick-walled with a wide
lumen, hyaline to pale brown, frequently arboriform branched, flexuous, interwoven,
1.5-2.8 um.

Tubes. Generative hyphae infrequent, hyaline, thin-walled, bearing clamp con-
nections, 1.5-2 pm in diam.; skeletal hyphae dominant, thick-walled with a wide
lumen, hyaline to pale brown, frequently arboriform branched, flexuous, interwoven,
1.5-3 um in diam. Cystidia absent, cystidioles present, clavate or fusoid, hyaline, thin-
walled, 11-12.5 x 3—4 pm; basidia barrel- to pear-shaped, with four sterigmata and
a basal clamp connection, 12.3-13.7 x 6.2-7.5 um; basidioles in shape similar to
basidia, but smaller.
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Figure 3. Microscopic structures of Perenniporia pseudotephropora (Holotype, Dail7383) a basidiospores b A
basidium ¢ basidioles d cystidioles e arboriform skeletal hyphae f hyphae from trama g hyphae from context.

Spores. Basidiospores broadly ellipsoid to subglobose, hyaline to pale brown,
truncate, thick-walled, smooth, slightly dextrinoid, CB+, (4.5-)4.9-5.2(-5.3) x
4-4.8(-5) pm, L = 5.02 pm, W = 4.22 um, Q = 1.19 (n = 30/1).



62 Chao-Ge Wang et al. / MycoKeys 69: 53—69 (2020)

Perenniporia subcorticola Chao G. Wang & F. Wu, sp. nov.
MycoBank No: 835519

Figs 4, 5

Diagnosis. Perenniporia subcorticola is characterised by resupinate basidiocarps, yel-
low pores with thick dissepiments, tissues becoming dark in KOH, flexuous skeletal
hyphae, ellipsoid, truncate and slightly dextrinoid basidiospores measuring 4.2-5 x
3.5-4.2 pm.

Holotype. China. Fujian Province, Wuyishan Nature Reserve, on rotten wood of
Pinus, 21.X.2005, Y.C. Dai 7330 (BJFC001421).

Etymology. Subcorticola (Lat.): referring to the species similar to Perenniporia corticola.

Basidiocarps. Perennial, resupinate, soft corky and without odour or taste when fresh,
becoming corky when dry, up to 10 cm long, 5 cm wide, 3.5 mm thick at centre. Pore
surface yellow when fresh, becoming buff-yellow to curry-yellow when dry; margin nar-
row, thinning out; pores tiny, round, 7-8 per mm; dissepiments thick, entire. Subiculum
thin, cream, up to 2 mm thick. Tubes concolorous with pore surface, up to 1.5 mm long,.

Hyphal structure. Hyphal system dimitic; generative hyphae with clamp connec-
tions; skeletal hyphae weakly dextrinoid, CB+; tissues darkening in KOH.

Subiculum. Generative hyphae infrequent, hyaline, thin-walled, occasionally
branched, 2-3 pm in diam.; skeletal hyphae dominant, thick-walled with a wide lu-
men, frequently branched, interwoven, 2-3.5 pm in diam.

Figure 4. A basidiocarp of Perenniporia subcorticola (from Dai 3257). Scale bar: 1 cm. Photo by Yu-
Cheng Dai.
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Tubes. Generative hyphae infrequent, hyaline, thin-walled, occasionally branched,
2-3um in diam.; skeletal hyphae dominant, thick-walled with a wide lumen, frequent-
ly branched, interwoven, 1.8-3 pm in diam. Cystidia absent, fusoid cystidioles present,
hyaline, thin-walled, 14—18 x 4.5-7.5 pm; basidia barrel-shaped, with four sterigmata
and a basal clamp connection, 13-16 x 6.5-9 pm; basidioles dominant, mostly pear-
shaped to capitate, slightly smaller than basidia.

Spores. Basidiospores ellipsoid, truncate, hyaline, thick-walled, smooth, dextri-
noid, CB+, (4-)4.2-5(-5.5) x (3-)3.5-4.2(-4.7) um, L = 4.66 pm, W = 3.91 um,
Q= 1.16-1.23 (n = 60/2).

Additional specimens (paratypes) examined. China. Hunan Province, Li-
uyang, Daweishan Forest Park, fallen angiosperm trunk, 21.XII1.2000, Dai 3257
(BJFC009205); Zhejiang Province, Tianmushan Nature Reserve, on fallen angiosperm
branch, 10.X.2005, Cui 2655 (BJFC001422).

Perenniporia corticola (Corner) Decock, Mycologia 93: 776 (2001)
Fig. 6

Note. Perenniporia corticola and P dipterocarpicola Hattori & S.S. Lee were described
from Malaysia (Corner 1989; Hattori and Lee 1999). Decock (2001a) restudied the
types of the two taxa and treated P dipterocarpicola as a synonym of P corticola. Peren-
niporia corticola grows on Dipterocarpus in lowland forests of Southeast Asia (Decock
2001a; Hattori and Lee 1999) and was not phylogenetically analysed. In this study, 2
corticola is closely related to P citrinoalba and P pseudotephropora. However, P, citrinoal-
ba has larger basidiospores, 5.5-6 x4.7-5.2 pm (Cui et al. 2019); while basidiospores
are 4.6-5(=5.1) x 3.5-4(=4.1) pm in P corticola (4.4-5 x 3.4—4 pm from the type,
Decock 2001a). Perenniporia pseudotephropora differs from P corticola by resupinate
or effused-reflexed to pileate basidiocarps with greyish to pale brown pores, absence of
dendrohyphidia and larger basidiospores (4.9-5.2 x 4-4.8 um vs. 4.6-5 x 3.5—4 um).

Specimens examined. Malaysia. Selangor, Kota Damansara, Community Forest
Reserve, on angiosperm stump, 17. IV. 2018, Y.C. Dai 18641 (BJFC026929), Y.C.
Dai 18633 (BJFC026921); Taman Botani Negara Shah Alam, on rotten angiosperm
wood, 12. IV. 2018, Y.C. Dai 18526 (BJFC026815), Singapore. Singapore Botanical
Garden, on rotten angiosperm wood, 17. VII. 2017, Y.C. Dai 17778 (BJFC025310).

Discussion

Perenniporia pseudotephropora is somehow related to P corticola and P citrinoalba B.K.
Cui, C.L. Zhao & Y.C. Dai in our phylogeny (Fig. 1). However, the latter two species
have completely resupinate basidiocarps with white to yellow pores. Perenniporia corti-
cola has smaller basidiospores, 4.6—5 x 3.5—4 um, while P citrinoalba has larger basidio-
spores, 5.5-6 x 4.7-5.2 (Cui etal. 2019) vs. 4.9-5.2 x 4—4.8 pm in P, pseudotephropora.
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Figure 6. Basidiocarps of Perenniporia corticola a Dai 18641 b Dai 18633 € Dai 17778. Scale bars: 1 cm.
Photos by Yu-Cheng Dai.

Perenniporia tephropora (Mont.) Ryvarden is similar to P pseudotephropora in hav-
ing perennial, resupinate to pileate basidiocarps with grey or greyish to pale brown
pore surface, tissues becoming pale olivaceous to dark in KOH and broadly ellip-
soid, truncate, dextrinoid basidiospores (Ryvarden and Johansen 1980; Corner 1989 ).
However, P tephropora has larger pores (4-6 per mm, Ryvarden and Johansen 1980).
In addition, the two species are phylogenetically distantly related.

Phylogenetically, Perenniporia subcorticola is related to R maackiae (Bondartsev
& Ljub.) Parmasto and P tenuis (Schwein.) Ryvarden (Fig. 1) and all these three
species have yellow pores. However, 2 maackiae has effused-reflexed basidiocarps,
strongly dextrinoid skeketal hyphae, ellipsoid basidiospores measuring 5-6.5 x 3.5—
4.5 um and grows exclusively on Maackia (Dai et al. 2002); while P subcorticola
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has completely resupinate basidiocarps, weakly dextrinoid skeketal hyphae, basidi-
ospores measuring 4.2-5 x 3.5-4.2 um and grows on a different tree. Perenniporia
tenuis is different from P subcorticola by larger pores (3—5 per mm), distinct dextri-
noid skeketal hyphae and slightly larger basidiospores measuring 5.5-6.5 x 4.5-5.5
pm (Dai et al. 2002).

Macromorphologically, Perenniporia subcorticola is similar to P corticola by its yel-
low pores and almost the same size of basidiospores and that is the reason why the
specimens of P subcorticola were previously treated as P cf. subcorticola (Dai et al.
2002). However, P corticola has arboriform branched skeletal hyphae and dendrohy-
phidia at dissepiments and it is a tropical species usually growing on the wood of Dip-
terocarpaceae (Decock 2001a); while 2 subcorticola lacks arboriform branched skeletal
hyphae and dendrohyphidia and it seems to be a warm temperate species growing on
both gymnosperm and angiosperm wood.

Perenniporia xantha Decock & Ryvarden and P subcorticola have yellow hyme-
nophore and almost the same size of pores and basidiospores, but 2 xantha has arbo-
riform skeletal hyphae, lacks cystidioles and its basidiospores are weakly dextrinoid
(Decock and Ryvarden 1999); while P subcorticola lacks arboriform skeletal hyphae,
has cystidioles and its basidiospores are distinctly dextrinoid.
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Abstract

Species of Gnomoniaceae are commonly associated with leaf spot diseases of a wide range of plant hosts
worldwide. During our investigation of fungi associated with tree diseases in China, several gnomonia-
ceous isolates were recovered from symptomatic branches and leaves on different woody plants in the
Fagaceae, Pinaceae, and Salicaceae families. These isolates were studied by applying a polyphasic approach
including morphological, cultural data, and phylogenetic analyses of partial ITS, LSU, #ef1, rpb2 and rub2
gene sequences. As a result, three species were identified with characters fitting into the family Gnomo-
niaceae. One of these species is described herein as Cryphognomonia pini gen. et sp. nov., characterized
by developed pseudostromata and ascospores with obvious hyaline sheath; Gromoniopsis xunwuensis sp.
nov. is illustrated showing sympodially branched conidiophore, oval or fusiform conidia; and one known
species, Plagiostoma populinum. The current study improves the understanding of gnomoniaceous species

causing diebacks and leaf spot on ecological and economic forest trees.

Keywords
forest trees, Gnomoniaceae, new genus, phylogeny, systematics

Introduction

The Gnomoniaceae (Diaporthales, Sordariomycetes, Ascomycota) is a family of perithe-
cial ascomycetes that occur as endophytes, pathogens, or saprobes on growing and over-
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wintered leaves of hardwood trees, shrubs, and herbaceous plants (Walker 2012). Many
species in the Gnomoniaceae cause serious tree diseases such as cherry leaf scorch (Api-
ognomonia erythrostoma (Pers.) Hohn.), oak dieback (A. errabunda (Roberge) Hohn),
sycamore canker (4. venera (Sacc. & Speg.) Hohn), and chestnut dieback (Gromoniopsis
daii Tian & Jiang) (Sogonov et al. 2008; Walker et al. 2010; Jiang et al. 2019).

The sexual morph of Gnomoniaceae is characterized by ascomata that are gener-
ally immersed, solitary or aggregated in an undeveloped stroma (Rossman et al. 2007;
Sogonov et al. 2008). The perithecia are dark brown to black and pseudoparenchym-
atous with central, eccentric, or lateral necks (Rossman et al. 2007; Sogonov et al.
2008). Asci usually have an inconspicuous or distinct apical ring. Ascospores are gen-
erally small, hyaline, uniseptate. The asexual morph is characterized by acervular or
pycnidial, phialidic, with non-septate conidia (Monod 1983).

The generic concepts of Gnomoniaceae were recently revised based on a survey
of leaf-inhabiting diaporthalean fungi (Sogonov et al. 2008). Phylogenetic analyses
of molecular markers is the primary methodology for systematic studies of the Gno-
moniaceae, however, host specificity and morphology can also be useful for species
identification. Recent phylogenetic studies have shown that species of Gnomoniaceae
often have a narrow host range associating with a single host genus or species (Mejia et
al. 2008, 2011a, b, 2012; Sogonov et al. 2008; Walker et al. 2010, 2012, 2013). For
example, Cryprosporella is a well-defined genus which was frequently limited to a single
host species, especially in the host family Betulaceae, except for C. wehmeyeriana on
Tilia spp. and type species C. hypodermia on Ulmus spp. (Mejia et al. 2008, 2011b).

Several fungal species of Gnomoniaceae, Cryptosporella platyphylla from Betula
platyphylla, Flavignomonia rhoigena from Rhus chinensis, Gnomoniopsis daii and Ophi-
ognomonia castaneae from Castanea mollissima, have been reported from China (Fan
et al. 2016; Gong et al. 2017; Jiang and Tian 2019; Jiang et al. 2019). In the present
study, tree inhabiting gnomoniaceous species, mainly on cankered branches and leaves,
were surveyed in China. The aim of the present study was to identify these fungi via
morphology and multi-locus phylogeny based on modern taxonomic concepts.

Materials and methods

Isolates

Fresh specimens of Gnomoniaceae-related fungi were collected from branches and
leaves of hosts in Beijing, Jiangxi and Shaanxi provinces (Tables 1-3). Isolates from
host material were obtained by removing a mucoid spores mass from perithecia and
pycnidia-like conidiomata, spreading the suspension on the surface of 1.8% potato
dextrose agar (PDA), and incubating at 25 °C for up to 24 h. Single germinating
conidia/ascospore was removed and plated on to fresh PDA plates. Specimens are de-
posited in the Museum of the Beijing Forestry University (BJFC). Axenic cultures are
maintained in the China Forestry Culture Collection Centre (CFCC).
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Morphological analysis

Morphological observations of the asexual/sexual morph in the natural environment
were based on features of the conidiomata or ascomata on infected plant tissues and mi-
cromorphology, supplemented by cultural characteristics. Ascomata and conidiomata
from tree barks were sectioned by hand, using a double-edged blade and structures
were observed under a dissecting microscope. The gross morphology of conidiomata or
ascomata was recorded using a Leica stereomicroscope (M205 FA). Fungal structures
were mounted in clear lactic acid and micromorphological characteristics were exam-
ined using a Leica compound microscope (DM 2500) with differential interference
contrast (DIC) optics. Thirty measurements of each structure were determined for
each collection. Colony characters and pigment production on PDA were noted after
10 d. Colony colors were described according to Rayner (1970).

DNA extraction, PCR amplification and sequencing

Total genomic DNA was extracted from fresh mycelium grown on PDA using a cetyl-
trimethylammonium bromide (CTAB) method (Doyle and Doyle 1990). PCR ampli-
fications were performed in a DNA Engine Peltier Thermal Cycler (PTC-200; Bio-Rad
Laboratories, Hercules, CA, USA). The primer sets ITS1 and ITS4 (White et al. 1990)
were used to amplify the ITS region. The primer sets LROR and LR7 (Vilgalys and
Hester 1990; Vilgalys and Sun 1994) were used to amplify the nuclear ribosomal large
subunit (LSU) region. The primer sets EF1-728F (Carbone and Kohn 1999) and EF1-
1567R (Rehner 2001) were used to amplify a partial fragment of the translation elon-
gation factor 1-o gene (tefI-o). The primer sets RPB2-5F and fRPB2-7cR (Liu et al.
1999) were used to amplify the partial RNA polymerase II subunit (7p62) region. The
primer sets T'1 (O’Donnell and Cigelnik 1997) and Bt2b (Glass and Donaldson 1995)
were used to amplify the beta-tubulin gene (#6.2). The PCR conditions were: an initial
denaturation step of 5 min at 94 °C followed by 35 cycles of 30 sec at 94 °C, 50 sec at
48 °C (ITS, LSU) or 54 °C (tef-1a) or 55 °C (rpb2, tub2) and 1 min at 72 °C, and a final
elongation step of 7 min at 72 °C. PCR amplification products were assayed via elec-
trophoresis in 2% agarose gels. DNA sequencing was performed using an ABI PRISM
3730XL DNA Analyser with a BigDye Terminater Kit v.3.1 (Inv-itrogen, USA) at the
Shanghai Invitrogen Biological Technology Company Limited (Beijing, China).

Phylogenetic analyses

The quality of our amplified nucleotide sequences was checked and combined by Se-
gMan v.7.1.0 and reference sequences were retrieved from the National Center for
Biotechnology Information (NCBI), based on Mejia et al. (2011a), Senanayake et al.
(2018), Jiang and Tian (2019), and Jiang et al. (2019), supplemented by sequences
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Table I. Strains and GenBank accession numbers used in the phylogenetic analyses of Gnomoniaceae.

Species Strains Genbank accession number
ITS LSU tefl rpb2
Alnecium auctum CBS 124263 KF570154 KF570154 KF570200 KF570170
Ambarignomonia petiolorum CBS 116866 EU199193 AY818963 NA EU199151
CBS 121227 EU254748 EU255070 EU221898 EU219307
Amphiporthe tiline CBS 119289 EU199178 EU199122 NA EU199137
Anisogramma anomala 529478 EU683064 EU683066 NA NA
Anisogramma virgultorum 529479 EU6830062 EU683065 NA NA
Apiognomonia errabunda AR 2813 DQ313525  NGO027592  DQ313565  DQ862014
Apiognomonia veneta MFLUCC 16-1193  MF190114 MF190056 NA NA
Apioplagiostoma populi 858501 KP637024 NA NA NA
Asteroma alneum CBS 109840 EU167609 EU167609 NA NA
Asteroma sp. Masuya 8Ah9-1 NA AB669035 NA NA
Cryphognomonia pini CFCC 53020 MK432672 MK429915 MK578144 MK578100
CFCC 53021 MK432673 MK429916 MK578145 MK578101
Cryptosporella hypodermia CBS 116866 EU199181 AF408346 NA EU199140
Discula destructiva MD 254 AF429741 AF429721 AF429732 NA
Ditopella biseptata MFLU 15-2661 MF190147 MF190091 NA ME377616
Ditopella ditopa CBS 109748 DQ323526 EU199126 NA EU199145
Ditopellopsis sp. CBS 121471 EU254763 EU255088 EU221936 EU219254
Flavignomonia rhoigena CFCC 53118 MK432674 ~ MK429917 NA MK578102
CFCC 53119 MK432675  MK429918 NA MK578103
CFCC 53120 MK432676 MK429919 NA MK578104
Gnomonia gnomon CBS 199.53 DQ491518 AF408361 EU221885 EU219295
CBS 829.79 AY818957 AY818964 EU221905 NA
Gnomoniopsis alderdunensis CBS 125680 GU320825 NA NA NA
Gnomoniopsis chamaemori CBS 803.79 EU254808 EU255107 NA NA
Gnomoniopsis racemula AR 3892 EU254841 EU255122 EU221889 EU219241
Mamianiella coryli BPI 877578 EU254862 NA NA NA
Marsupiomyces quercina MFLUCC 13-0664  MF190116 MF190061 NA NA
Marsupiomyces epidermoidea  MFLU 15-2921 NA MF190058 NA NA
Melanconis marginalis CBS 109744 EU199197 AF408373 EU221991 EU219301
Neognomoniopsis quercina CBS 145575 MK876399 MK876440 NA NA
Occultocarpon ailaoshanense LCM 524.01 JE779849 JF779853 NA JF779856
LCM 522.01 JE779848 JE779852 JF779862 JF779857
Ophiognomonia melanostyla LCM 389.01 JE779850 JE779854 NA JE779858
Ophiognomonia vasiljevae AR 4298 EU254977 EU255162 EU221999 EU219331
Plagiostoma aesculi AR 3640 EU254994 EU255164 NA EU219269
Linospora capreae CBS 372.69 NA AF277143 NA NA
Pleuroceras oregonense AR 4333 EU255060 EU255196 EU221931 EU219313
Pleuroceras pleurostylum CBS 906.79 EU2550061 EU255197 EU221962 EU219311
Phragmoporthe conformis AR 3632 NA AF408377 NA NA
Valsalnicola oxystoma AR 5137 JX519561 NA NA NA
AR 4833 JX519559 JX519563 NA NA
Sirococcus tsugae AR 4010 EF512478 EU255207 EU221928 EU219289
CBS 119626 EU199203 EU199136 EF512534 EU199159
Tenuignomonia styracis BPI 89278 NA LC379288 LC379282 LC379294

Note: NA, not applicable. Strains in this study are marked in bold.

of Tenuignomonia styracis and Neognomoniopsis quercina from Crous et al. (2019) and
Minoshima et al. (2019). Sequences were aligned using MAFFT v. 6 (Katoh and Toh
2010) and manually corrected using Bioedit 7.0.9.0 (Hall 1999).
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Table 2. Strains and GenBank accession numbers used in the phylogenetic analyses of Gromoniopsis.

Species Strain Genbank accession number
ITS tefl tub2
Apiognomonia veneta CBS 342.86 DQ313531 DQ318036 EU219235
Gnomoniopsis alderdunensis CBS 125679 GU320826 GU320813 GU320788
CBS 125680 GU320825 GU320801 GU320787
CBS 125681 GU320827 GU320802 GU320789
Gnomoniopsis chamaemori CBS 804.79 GU320817 GU320809 GU320777
Gnomoniopsis chinensis CFCC 52286 MG866032 MH545370 MH545366
CFCC 52287 MG866033 MH545371 MH545367
CFCC 52288 MG866034 MH545372 MH545368
CFCC 52289 MG866035 MH545373 MH545369
Gnomoniopsis clavulata CBS 121255 EU254818 GU320807 EU219211
Gnomoniopsis comari CBS 806.79 EU254821 GU320810 EU219156
CBS 807.79 EU254822 GU320814 GU320779
CBS 809.79 EU254823 GU320794 GU320778
Gnomoniopsis daii CFCC 54043 MN598671 MNG605519 MNG605517
CMF002B MN598672 MN605520 MNG605518
Gnomoniopsis fructicola CBS 121226 EU254824 GU320792 EU219144
CBS 208.34 EU254826 GU320808 EU219149
CBS 125671 GU320816 GU320793 GU320776
Gnomoniopsis guttulata MS 0312 EU254812 NA NA
Gnomoniopsis idaeicola CBS 125672 GU320823 GU320797 GU320781
CBS 125673 GU320824 GU320798 GU320782
CBS 125674 GU320820 GU320796 GU320780
CBS 125675 GU320822 GU320799 GU320783
CBS 125676 GU320821 GU320811 GU320784
Gnomoniopsis macounii CBS 121468 EU254762 GU320804 EU219126
Gnomoniopsis occulta CBS 125677 GU320828 GU320812 GU320785
CBS 125678 GU320829 GU320800 GU320786
Gnomoniopsis paraclavulata CBS 123202 GU320830 GU320815 GU320775
Gnomoniopsis racemula CBS 121469 EU254841 GU320803 EU219125
Gnomoniopsis sanguisorbae CBS 858.79 GU320818 GU320805 GU320790
Gnomoniopsis smithogilvyi CBS 130190 JQ910642 KRO072534 JQ910639
CBS 130189 JQ910644 KR072535 JQ910641
CBS 130188 JQ910643 KR072536 JQ910640
MUT 401 HM142946 KR072537 KR072532
MUT 411 HM142948 KR072538 KR072533
Gnomoniopsis tormentillae CBS 904.79 EU254856 GU320795 EU219165
G iopsis x j CFCC 53115 MK432667 MK578067 MK578141
CFCC 53116 MK432668 MK578068 MK578142
CFCC 53117 MK432669 MK578069 MK578143
Plagiostoma euphorbiae CBS 340.78 DQ323532 GU354016 GU367034

Note: NA, not applicable. Strains in this study are marked in bold.

The phylogenetical analyses were conducted using Maximum Parsimony (MP),
Maximum Likelihood (ML) and Bayesian inference (BI). MP was performed with
PAUP v. 4.0b10 (Swofford 2003) using tree-bisection-reconnection (TBR) as the
branch-swapping algorithm. Other calculated parsimony scores were tree length (TL),
consistency index (CI), retention index (RI), and rescaled consistency (RC). ML was
performed with RAXML (Stamatakis 2006) as implemented in raxmlGUI 1.3 (Silvestro
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Table 3. Strains and GenBank accession numbers used in the phylogenetic analyses of Gromoniopsis.

Species Strain Genbank accession number
ITS tefl tub2
Apiognomonia errabunda AR 4182 DQ313543 KJ509937 KJ509947
Plagiostoma aceris-palmati CBS 137265 KJ509959 KJ509938 KJ509949
Plagiostoma aesculi CBS 121905 EU254994 GU367022 GU354005
Plagiostoma amygdalinae CBS 791.79 EU254995 GU367030 GU354012
Plagiostoma apiculatum CBS 109775 DQ323529 GU367008 GU353990
CBS 126126 GU367066 GU367009 GU353991
Plagiostoma barriae LCM 601.01 GU367054 GU366997 GU353980
LCM 484.01 GU367053 GU366995 GU353979
Plagiostoma convexum CBS 123206 EU255047 EU219112 GU353994
Plagiostoma devexum CBS 123201 EU255001 GU367027 GU354010
Plagiostoma dilatatum LCM 403.02 GU367069 GU367012 GU353995
CBS 124976 GU367070 GU367014 GU353996
Plagiostoma euphorbiaceum CBS 816.79 EU255003 EU219158 GU354013
Plagiostoma euphorbiae CBS 340.78 DQ323532 GU367034 GU354016
CBS 817.79 KJ509960 GU367028 KJ509950
Plagiostoma exstocollum CBS 127662 GU367046 GU366988 GU353972
LCM 422.01 GU367043 GU366989 GU353969
Plagiostoma fraxini CBS 121258 EU255008 KJ509939 KJ509951
CBS 109498 AY455810 GU367033 GU354015
Plagiostoma geranii CBS 824.79 EU255009 GU367032 GU354014
Plagiostoma imperceptibile LCM 456.01 GU367059 GU367002 GU353984
Plagiostoma jonesii MFLUCC 16-1189 MF190159 NA MF377589
Plagiostoma mejianum CBS 137266 KJ509961 KJ509940 KJ509952
Plagiostoma oregonense CBS 126124 GU367073 GU367016 GU353999
Plagiostoma ovalisporum CBS 124977 GU367072 GU367015 GU353998
Plagiostoma petiolophilum AR 3821 EU255039 GU367025 GU354008
CBS 126123 GU367078 GU367023 GU354006
Plagiostoma populi CFCC 53016 MK432677 MK578070 MK578146
CFCC 53017 MK432678 MK578071 MK578147
Plagiostoma populinum CBS 174.58 GU367074 GU367017 GU354000
CBS 144.57 GU367075 GU367018 GU354001
Plagiostoma pulchellum CBS 170.69 EU255043 KJ509941 GU353989
CBS 126653 GU367063 GU367006 GU353987
Plagiostoma rhododendri CBS 847.79 EU255044 GU367026 GU354009
Plagiostoma robergeanum CBS 121472 EU255046 GU367029 GU354011
Plagiostoma rubrosporum CBS 137267 KJ509962 KJ509942 KJ509953
Plagiostoma salicellum CBS 126121 GU367037 GU366977 GU353961
CBS 121466 EU254996 GU366978 GU353962
Plagiostoma salicicola MFLUCC 13-0656 MF190161 NA NA
Plagiostoma samuelsii CBS 125668 GU367051 GU366993 GU353977
LCM 596.01 GU367052 GU366994 GU353978
Plagiostoma triseptatum CBS 137268 KJ509963 KJ509943 KJ509954
Plagiostoma tsukubense CBS 137269 KJ509964 KJ509944 KJ509955
CBS 137270 KJ509965 KJ509945 KJ509956
Plagiostoma versatile CBS 124978 GU367038 GU366979 GU393963
LCM 598.01 GU367040 GU366981 GU393965
Plagiostoma yunnanense LCM 513.02 GU367036 GU366976 GU353960
CBS 124979 GU367035 GU366975 GU353959

Note: NA, not applicable. Strains in this study are marked in bold.
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and Michalak 2012), using the ML + rapid bootstrap setting and the GTRGAMMA
substitution model with 1000 bootstrap replicates. BI was performed using a Markov
Chain Monte Carlo (MCMC) algorithm in MrBayes v. 3.0b4 (Ronquist and Huelsen-
beck 2003). Two MCMC chains, started from random trees for 1,000,000 generations
and trees, were sampled every 100® generation, resulting in a total of 10,000 trees. The
first 25% of trees were discarded as burn-in of each analysis. Branches with significant
Bayesian Posterior Probabilities (BPP) were estimated in the remaining 7500 trees.
Phylogenetic trees were viewed with FigTree v.1.4.3 (Rambaut 2016) and processed by
Adobe Illustrator CS5. Alignment and trees were deposited in TreeBASE (submission

ID: §26271). The nucleotide sequence data of the new taxa have been deposited in
GenBank (Tables 1-3).

Results

Phylogenetic analyses

The first sequences dataset for the ITS, LSU, zefl, and 7pb2 was analyzed to focus on
Gnomoniaceae. The alignment included 45 taxa, including the outgroup sequences
of Melanconis marginalis (Table 1). The aligned four-locus datasets included 3388
characters. Of these, 2180 characters were constant, 198 variable characters were par-
simony-uninformative and 1010 characters were parsimony informative. The heuristic
search using maximum parsimony (MP) generated 4 parsimonious trees (TL = 3241,
CI = 0.539, RI = 0.672, RC = 0.362), from which one was selected (Fig. 1). In the
phylogenetic tree, two strains form a well-supported clade (MP/ML/BI=100/100/1)
sister to the species Flavignomonia rhoigena from Rhus chinensis.

The second dataset with ITS, zef7 and b2 sequences were analyzed in combina-
tion to infer the interspecific relationships within Gromoniopsis. The alignment includ-
ed 36 taxa, including the outgroup sequences of Apiognomonia veneta and Plagiostoma
euphorbiae (Table 2). The aligned three-locus datasets included 2481 characters. Of
these, 1443 characters were constant, 186 variable characters were par-simony-unin-
formative and 852 characters were parsimony informative. The heuristic search using
maximum parsimony (MP) generated one parsimonious tree (TL = 2644, CI = 0.620,
RI = 0.781, RC = 0.485), which is shown in Fig. 2. In the phylogenetic tree, three
strains form a well-supported clade (MP/ML/BI=100/100/1) that does not include
any previously described species.

The third dataset with ITS, zefI and tub2 sequences were analyzed in combina-
tion to infer the interspecific relationships within Plagiostoma. The alignment in-
cluded 48 taxa, including the outgroup sequences of Apiognomonia errabunda (Table
3). The aligned three-locus datasets included 2311 characters. Of these, 1556 char-
acters were constant, 204 variable characters were parsimony-uninformative and 551
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Figure 1. Maximum parsimony phylogram of Gnomoniaceae based on a combined matrix of ITS, LSU,

tefl and 7pb2 genes. The MP and ML bootstrap support values above 50% are shown at the first and sec-

ond position, respectively. Thickened branches represent posterior probabilities above 0.90 from BI. Scale

bar: 80 nucleotide substitutions. Strains in this study are in blue and ex-type strains are in blod.

characters were parsimony informative. The heuristic search using maximum parsi-
mony (MP) generated 6 parsimonious trees (TL = 1462, CI = 0.685, RI = 0.779,
RC = 0.534), from which one was selected (Fig. 3). In the phylogenetic tree, four
strains from this study group in a well-supported clade with Plagiostoma populinum.
The topologies resulting from MP, ML and BI analyses of the concatenated dataset
were congruent.
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Figure 2. Maximum parsimony phylogram of Gromoniosis based on a combined matrix of ITS, zefI-o
and ub2 genes. The MP and ML bootstrap support values above 50% are shown at the first and second
position, respectively. Thickened branches represent posterior probabilities above 0.90 from BI. Scale bar:
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Taxonomy

Cryphognomonia C.M. Tian & N. Jiang, gen. nov.
MycoBank No: 829509

Etymology. Crypho + gnomonia, referring to the cryptic stromata on hosts.
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Figure 3. Maximum parsimony phylogram of Plagiostoma based on a combined matrix of ITS, zefI-o
and #ub2 genes. The MP and ML bootstrap support values above 50% are shown at the first and second
position, respectively. Thickened branches represent posterior probabilities above 0.90 from BI. Scale bar:
30 nucleotide substitutions. Strains in this study are in blue.
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Type species. Cryphognomonia pini C.M. Tian & N. Jiang

Description. Pseudostromata erumpent, causing a pustulate bark surface. Cen-
tral column yellowish to brownish. Stromatic zones lacking. Perithecia conspicu-
ous, flask-shaped to spherical, umber to fuscous black, regularly scattered. Paraphyses
deliquescent. Asci fusoid, 8-spored, biseriate, with an apical ring. Ascospores hyaline,
clavate to cylindrical, smooth, multi-guttulate, symmetrical to asymmetrical, straight
to slightly curved, bicellular, with a median septum distinctly constricted, with distinct
hyaline sheath. Asexual morph: not observed.

Notes. Cryphognomonia was classified as a new genus in Gnomoniaceae through-
out molecular data and the characteristics of sexual morph. Morphologically, Cryphog-
nomonia can be distinguished from the other genera by pseudostromata and ascospores
with obvious hyaline sheath.

Cryphognomonia pini C.M. Tian & N. Jiang, sp. nov.
MycoBank No: 829510
Figure 4

Diagnosis. Cryphognomonia pini differs from its closest phylogenetic neighbor, £ 7hoi-
gena, in I'TS, LSU, refl and 7pb2 loci based on the alignments deposited in TreeBASE.

Etymology. Named after the genus of the host plant from which the holotype was
collected, Pinus.

Description. Pseudostromata erumpent, causing a pustulate bark surface, 650—
1200 pm diam., containing up to 12 perithecia. Central column yellowish to brown-
ish. Stromatic zones lacking. Perithecia conspicuous, flask-shaped to spherical, umber
to fuscous black, regularly scattered, 350-600 pm diam. Paraphyses deliquescent.
Asci fusoid, 8-spored, biseriate, with an apical ring, (60-)65-80(-90) x (21-)22—
31(-35) pm. Ascospores hyaline, clavate to cylindrical, smooth, multi-guttulate, sym-
metrical to asymmetrical, straight to slightly curved, bicellular, with a median septum
distinctly constricted, with distinct hyaline sheath, (15.5-)18-25(-27) x (8.5-)9.5—
11.5(-12) um. Asexual morph: not observed.

Culture characters. Cultures incubated on PDA at 25 °C in the dark, initially pale
white, becoming olive-green after 3 wk. The colonies are flat, with regular margins;
texture initially uniform, becoming compact after 1 month.

Specimens examined. CHINA. Shaanxi Province: Ankang City, Huoditang for-
est farm, 33°26'7"N, 108°26'48"E, on branches of Pinus armandii, 8 June 2018, V.
Jiang & C.M. Tian (holotype BJFC-S1725; ex-type living culture: CFCC 53020);
33°26'7"N, 108°26'48"E, on branches of Pinus armandii, 8 June 2018, N. Jiang &
C.M. Tian (BJEC-S1726; living culture: CFCC 53021).

Notes. Cryphognomonia pini is the type species of Cryphognomonia, and occurs on
Pinus armandii in China. Morphologically, Cryphognomonia pini is characterized based
on bicellular ascospores with obvious hyaline sheath. In the phylogenetic tree, this spe-
cies is most closely related to £ rhoigena (Fig. 1). However, Cryphognomonia pini can be
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Figure 4. Cryphognomonia pini on Pinus armandii (BJFC-S1725) A—C habit of ascomata on twigs
D, E transverse section of ascomata F longitudinal section through ascomata G asci H, I ascospores. Scale

bars: 2 mm (A); 500 pm (B=F); 10 pm (G-I).

distinguished from £ rhoigena based on ITS, LSU, zefl and 7pb2 loci (73/512 in ITS,
41775 in LSU, 186/437 in refl and 90/1064 in rpb2).

Gnomoniopsis xunwuensis C.M. Tian & Q. Yang, sp. nov.
MycoBank No: 829529
Figure 5

Diagnosis. Grnomoniopsis xunwuensis differs from its closest phylogenetic neighbor, G.
daii, in ITS, tefl and b2 loci based on the alignments deposited in TreeBASE.
Etymology. Named after the County (Xunwu), where the species was first collected.
Description. On PDA: Conidiomata pycnidial, (115-)130-210(-250) pm diam.,
globose, solitary to gregarious, or occasionally coalescing, deeply embedded in the me-
dium, erumpent, brown to dark black. White to cream conidial drops exuding from the
ostioles. Conidiophores (40-)43—58(~60.5) x 2—-2.5(-3) um, cylindrical, hyaline, phi-
ailidic, branched or sympodially branched, straight or slightly curved. Conidia oval or
fusiform, straight to slightly curved, hyaline, multiguttules, (14-)16.5-20 x 4-5.5 pm.
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Figure 5. Gnomoniopsis xunwuensis on Castanopsis fissa (BJFC-S1688) A symptoms on leaves of host

plant B the colony on PDA C conidiomata on PDA D, E conidiophores attached with condia F conidia.
Scale bars: 500 um (C); 20 um (D-F).

Culture characters. Cultures incubated on PDA at 25 °C in the dark. Colony origi-
nally compact and flat with white aerial mycelium, then developing pale brown aerial my-
celium at the center and blackish green mycelium at the marginal area, zonate with 2 well
defined zones with regular edge; conidiomata dense, regularly distributed over agar surface.

Specimens examined. CHINA. Jiangxi Province: Ganzhou City, Xunwu Coun-
ty, 24°40'50"N, 115°34'37"E, on leaves of Castanopsis fissa, 12 May 2018, Q. Yang,
Y. Liu & Y.M. Liang (holotype BJFC-S1688; ex-type living culture: CFCC 53115);
24°52'20"N, 115°35'25"E, on leaves of Castanopsis fissa, 12 May 2018, Q. Yang, Y. Liu
& Y.M. Liang (BJFC-§1689; living culture: CFCC 53116 and CFCC 53117).

Notes. Gnomoniopsis xunwuensis is associated with leaf spot of Castanopsis fissa,
representing the first report from this host in China. It is characterized by sympodially
branched conidiophore and oval or fusiform conidia. Morphologically, G. xunwuensis
differs from G. daii in having bigger conidia (16.5-20 x 4-5.5 vs. 5.5-7 x 2-3.5 pum)
(Jiang and Tian 2019). The phylogenetic inferences indicated this species as an individ-
ual well-supported clade (MP/ML/BI=100/100/1) in the genus Gnomoniopsis (Fig. 2).

Plagiostoma populinum (Fuckel) L.C. Mejia. Stud. Mycol. 68: 225. 2011.
Figure 6

Description. See Butin (1958)
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Figure 6. Plagiostoma populinum on Populus tomentosa (BJFC-S1724) A~C habit of conidiomata on

twigs D transverse section through conidiomata E longitudinal section through conidiomata F, G con-
idiogenous cells attached with conidia H, I condia. Scale bars: 2 mm (A); 1 mm (B, C); 500 pm (D, E);
10 pm (F-1).
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Specimens examined. CHINA. Beijing: Haidian district,40°31'55"N, 116°20'24"E,
on branches of Populus tomentosa, 12 November 2017, N. Jiang (BJFC-S1724; living
culture: CFCC 53016 and CFCC 53017).

Notes. Plagiostoma populinum is a common plant pathogenic fungus causing
poplar canker in China. The current identification follows previous descriptions and
records (Butin 1958). In the present study, two isolates (CFCC 53016 and CFCC
53017) from symptomatic branches of Populus tomentosa were congruent with 2 popu-
linum based on morphology and DNA sequences data (Fig. 3). We therefore describe
P, populinum as a known species for this clade.

Discussion

In this study, three gnomoniaceous species were identified based on morphological
and molecular phylogenetic analyses. As a result, Cryphognomonia typified with C.
pini is proposed as a new genus in Gnomoniaceae for its distinct phylogenic position
and distinctive sexual morphs. Also, Gnomoniopsis xunwuensis strains were success-
fully isolated from leaf spot of Castanopsis fissa, and were identified as a new species in
Gnomoniopsis, which was typified by Grnomoniopsis chamaemori having pycnidia with
hyaline, oval, one-celled conidia (Walker et al. 2010).

The type species of Cryphognomonia, C. pini, is unique through its developed pseu-
dostromata and ascospores with distinct hyaline sheath. In the molecular phylogeny,
C. pini is closely related to species of £ rhoigena. Flavignomonia rhoigena is character-
ized by the formation of synnemata and no sexual morph is known for this species
(Jiang et al. 2019). However, C. pini can be easily distinguished from £ rhoigena based
on ITS, LSU, #efI and rpb2 loci. Therefore, the unique morphology in combination
with an isolated phylogenetic position within Gnomoniaceae warrant the establish-
ment of a new genus.

Most species of Gromoniopsis show host preference or potentially limited host
specificity to genera in the Fagaceae, Onagraceae and Rosaceae (Sogonov et al. 2008).
In the present study, isolates were collected from leaf spot of Castanopsis fissa, and de-
scribed as a novel pathogen depending on its asexual state, G. xunwuensis. Four taxa, G.
clavulata, G. daii, G. paraclavulata, and G. smithogilvyi, have been found on Fagaceae
host plants. However, Gromoniopsis xunwuensis can be easily distinguished from the
four species in conidial size (16.5-20 x 4-5.5 pm in G. xunwuensis vs. 5.0-8.0 x 2.0—
4.0 um in G. clavulata vs. 5.0-8.0 x 2.0-3.5 pm in G. daii vs. 6.0-9.5 x 2.0-3.5 um
in G. paraclavulata vs. 4.9-9.8 x 2.9-4.9 pm in G. smithogilvyi), as well as supported
by molecular data (Walker et al. 2010; Crous et al. 2012; Visentin et al. 2012).

Plagiostoma populinum is regarded as the pathogen responsible for poplar canker.
Butin (1958) presented a full description with illustrations of this species as Cryprodia-
porthe populea. Mejia et al. (2011a) treated C. populea as a synonym of P populinum
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based on analyses of cultural and DNA sequence data. In this paper, 2 populinum
forms a highly supported monophyletic group (Fig. 3) characterized by having conidia
with obvious hyaline sheath. It is the first time that we have been able to provide de-
tailed morphological diagrams in China.
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Abstract

Cortinarius is an important ectomycorrhizal genus that forms a symbiotic relationship with certain trees,
shrubs and herbs. Recently, we began studying Cortinarius in China and here we describe three new spe-
cies of Cortinarius subg. Telamonia based on morphological and ecological characteristics, together with
phylogenetic analyses. Cortinarius laccariphyllus sp. nov. (section Colymbadini) is associated with broad-
leaf trees, with strongly hygrophanous basidiomata, special Laccaria-like lamellae and white and extremely
sparse universal veil. Cortinarius neotorvus sp. nov. (section Telamonia) is associated with broadleaf trees
and is easily confused with C. forvus, but can be distinguished by the colour of the fresh basidiomes and
the stipe usually somewhat tapering towards the base. Cortinarius subfuscoperonatus sp. nov. (section Fu-
scaperonati) is associated with coniferous trees, with subglobose to broadly ellipsoid spores and is closely
related to C. fuscoperonatus. A key to the new species and similar species in sections Colymbadini, Telamo-
nia and Fuscoperonati is provided.
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Introduction

Cortinarius (Pers.) Gray is one of the most species-rich agaric genera, with reportedly
more than 2250 species worldwide (He et al. 2019). While most of the Cortinarius
species were described from Europe and North America, there are also some species de-
scribed from Oceania (e.g. Bougher and Hilton 1989; Soop 2005; Gasparini and Soop
2008), South America (e.g. Valenzuela and Esteve-Raventos 1994; Garnica et al. 2003;
San-Fabian et al. 2018) and Asia (e.g. Miyauchi 2001; Peintner et al. 2003; Xie et al.
2019). It was assumed that more than 900 species occur in northern European coun-
tries, based on phylogenetic studies (Niskanen et al. 2012). At least 500 Cortinarius
species were reported in North America (Bessette et al. 1997). Only 229 Cortinarius
species have been reported in China (Teng 1963; Tai 1979; Shao and Xiang 1997; Wei
and Yao 2013; Li et al. 2015; Xie 2018; Xie et al. 2019; Cheng et al. 2019; Wei and
Liu 2019). Recently, many new species have been described, based on the phylogenetic
analyses, together with morphological and ecological data (e.g. Bojantchev and Davis
2011; Wei and Yao 2013; Harrower et al. 2015; Brandrud et al. 2018a). Many studies
showed that ntDNA ITS barcodes are typically effective in distinguishing Cortinarius
species (e.g. Liimatainen et al. 2014; Garnica et al. 2016; Schmidt-Stohn et al. 2017;
Brandrud et al. 2018b).

Previously, phylogenetic studies of Cortinarius have shown that many traditional
infrageneric groups are artificial (Hoiland & Holst-Jensen 2000; Garnica et al. 2003;
Garnica et al. 2005; Niskanen 2008; Harrower et al. 2011), based on ITS+LSU data-
sets or only I'TS datasets. Cortinarius subg. Telamonia (Fr.) Trog sensu lato was a tra-
ditional subgenus, based on moist to dry, strongly to weakly hygrophanous and often
brown coloured pileus (Brandrud et al. 1989; Bidaud et al. 1994). Some species in
traditional subgenus 7elamonia sensu lato were classified into other subgenera and sev-
eral new sections in subgenus 7élamonia sensu stricto, based on phylogenetic studies
(Niskanen et al. 2015; Soop et al. 2019). Sections Colymbadini Melot, Fuscoperonati
Liimat. & Niskanen and 7élamonia (Fr.) Gillot & Lucand, all belonging to subgenus
Télamonia sensu stricto, are included in this paper.

The diverse ecosystems in China provide a conducive environment for the growth
of Cortinarius species. Research, dedicated to the phylogeny and taxonomy of Chi-
nese Cortinarius, was initiated in recent years. During field trips in the past years,
many specimens of Cortinarius were collected from China. However, only two new
Cortinarius species have been described and reported, based on Chinese specimens
until now (Wei and Yao 2013; Xie et al. 2019). There are still many species that have
never been reported according to the phylogenetic analyses, based on our materials.
Further efforts are necessary to describe these species and reveal the species diversity of
Cortinarius in China. In this study, three new species of the subgenus 7elamonia sensu
stricto were described, based on morphological and ecological characteristics, as well as
phylogenetic analyses. An identification key to the new species and similar species in
sections Colymbadini, Telamonia and Fuscoperonati is provided.
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Materials and methods

Sampling and morphological studies

We collected specimens from northeast China and northwest China, two important
floristic areas of China. Fresh basidiomata were photographed and noted under day-
light in the field, dried in an oven at about 50 °C and deposited in the Herbarium of
Mycology, Jilin Agricultural University (HMJAU).

The macroscopic characters were described from fresh basidiomata. Colour codes
were taken from Kornerup and Wanscher (1978). The microscopic characters were
examined from dried specimens mounted in 5% aqueous potassium hydroxide (KOH)
and Melzer’s reagent using a Zeiss AX10 light microscope with a high-resolution 100x
objective. Twenty to thirty mature basidiospores were measured (excluding apiculus
and ornamentation) from each collection. The length/width ratio (Q) was calculated
for individual spores. ‘X and ‘Q refer to the average value of basidiospores of each
specimen. The basidia (ten basidia per collection), sterile cells of lamellar edge (20 ster-
ile cells per collection) and hyphae of the lamellar trama were examined and measured
from the pieces of lamellae. The pileipellis structure was studied from radial sections
half-way from the pileus centre. Basidiospores, lamellar margin cells of this new species
were photographed.

DNA extraction, PCR amplification and sequencing

We extracted the DNA from fresh tissue dried in silica gel by the NuClean PlantGen
DNA Kit (CWBIO, China) and amplified the ITS region with primers ITS1F and
ITS4 (White et al. 1990; Gardes and Bruns 1993).The PCR amplification progress
followed Xie et al. (2019) and was sequenced by Sangon Biotech (Shanghai) Co. Ltd.
The newly generated ITS sequences have been submitted to GenBank.

Data analysis

BLAST searches with the newly-generated ITS sequences were performed against
NCBI (https://www.ncbi.nlm.nih.gov/) and UNITE (https://unite.ut.ce/) databases
to retrieve similar sequences for the phylogenetic analyses (Table 1). C. armillatus (Fr.:
Fr.) Fr. and C. paragaudis Fr. of section Armillati Kithner & Romagn. ex M.M. Moser,
Schweiz. Z. Pilzk. were chosen as outgroup. Section Armillati belongs to subgenus
Telamonia sensu stricto and is separated from other sections (Niskanen 2008; Nis-
kanen et al. 2011).

AILITS sequences were aligned and edited with BioEdit 7.0.9 (Hall 1999). ITS1 and
ITS2 were delimited by comparison with the sequence KC608590, which is fully an-
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Table 1. ITS sequences used in the phylogenetic analysis. New species in bold.

Species Voucher GenBank Locality Reference
accession No.

C. agathosmus TYPE CFP536 KC608590 Sweden Niskanen et al. (2013a)
C. absii TYPE MM19650703 (IB) KX882644 USA Ammirati et al. (2017)
C. absii JEA10303 (WTU) KX882649 USA Ammirati et al. (2017)
C. alboviolaceus HMJAU44214 MK552393 China This study
C. alboviolaceus HM]JAU44245 MK234572 China Xie et al. (2019)
C. alboviolaceus HMJAU44347 MK552392 China This study
C. alboviolaceus F15809 FJ157005 Canada Harrower et al. (2011)
C. armeniacus HMJAU44408 MK552394 China This study
C. armeniacus F16352 FJ039573 Canada Harrower et al. (2011)
C. armillatus TYPE F256861 (S) NR131891 Sweden Kytévuori et al. (2005)
C. bulliardii CFP499 (S) JX114942 Sweden Ammirati et al. (2013)
C. caesioarmeniacus TYPE H7000901 KP137498 Canada Liimatainen (2014)
C. caesioarmeniacus HMJAU44409 MK552396 China This study
C. caesioarmeniacus HMJAU44403 MKS552395 China This study
C. cinnabarinus 1K85-1517 (H) JX114943 Finland Ammirati et al. (2013)
C. cinnabarinus TYPE CFP379 (S) JX114944 Sweden Ammirati et al. (2013)
C. coccineus TYPE 435745 (GK) JX114945 France Ammirati et al. (2013)
C. colynbadinus CFP1130 (S) JX127302 Sweden Ammirati et al. (2013)
C. colynbadinus TYPE F248443 (S) NR131819 Sweden Ammirati et al. (2013)
C. fructuodorus TNO09-113 KC608582 USA Niskanen et al. (2013a)
C. fructuodorus TYPE H7001104 NR131827 USA Niskanen et al. (2013a)
C. fuscoperonatus SSt16-046 MF139754 Sweden Schmidt-Stohn et al. (2017)
C. fuscoperonatus CFP1470 JX407330 France Niskanen et al. (2013b)
C. fuscoperonatus CFP505 EU433390 Sweden GenBank/Liimatainen
C. laccariphyllus HMJAU44449 MK552380 China This study
C. laccariphyllus HMJAU44450 MK552381 China This study
C. millaresensis XC2011-200 MH784748 France Bidaud et al. (2017)
C. millaresensis XC2013-163 MH784752 France Bidaud et al. (2017)
C. nolaneiformis DB886 (BP) KJ206487 Hungary Dima et al. (2014)
C. nolaneiformis TYPE PRM857042 NR131833  Czech Republic Dima et al. (2014)
C. paragaudis TYPE F256858 (S) NR131814 Norway Niskanen et al. (2011)
C. privignofulvus TYPE ~ AB00-10-128 (PC)  MH784703 France Bidaud et al. (2017)
C. privignofulvus AB04-09-192 MH784714 France Bidaud et al. (2017)
C. neotorvus HM]JAU44438 MKS552383 China This study
C. neotorvus HM]JAU44441 MK552384 China This study
C. neotorvus HM]JAU44442 MKS552385 China This study
C. neotorvus HMJAU44443 MK552386 China This study
C. neotorvus HM]JAU44437 MK552382 China This study
C. rigidipes TYPE MM1962/0062 (IB) KJ206504 Switzerland Dima et al. (2014)
C. rigidipes 1K95-1873 (H) KJ206506 Germany Dima et al. (2014)
C. subargyronotus TYPE H7018127 KP137494 Sweden Liimatainen (2014)
C. subfuscoperonatus HM]JAU44446 MK552389 China This study
C. subfuscoperonatus HMJAU44447 MK552390 China This study
C. subfuscoperonatus HMJAU44445 MK552388 China This study
C. subfuscoperonatus HMJAU44444 MK552387 China This study
C. subfuscoperonatus HMJAU44448 MK552391 China This study
C. torvus TUB 011515 AY669668 Germany Garnica et al. (2005)
C. torvus 1K98-1973 JX407337 Denmark Niskanen et al. (2013b)
C. torvus TF01-035 AJ889977 Denmark GenBank/Kjoller
C. turgidoides AB15-09-37 MH784723 France Bidaud et al. (2017)
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Species Voucher GenBank Locality Reference
accession No.
C. turgidoides AB07-09-121 MH784717 France Bidaud et al. (2017)
C. uraceomajalis DB2291 (BP) KJ206511 Hungary Dima et al. (2014)
C. uraceomajalis DB2283 (BP) KJ206510 Hungary Dima et al. (2014)
C. uraceomajalis TYPE DB1623 (BP) NR131835 Hungary Dima et al. (2014)
C. uraceonemoralis ORS- KJ206520 Hungary Dima et al. (2014)
ERDO99-15-1 (BP)
C. uraceonemoralis TYPE H7017739 NR131836 Ttaly Dima et al. (2014)
C. uraceus TYPE TNO04-872 (H) NR131837 Finland Dima et al. (2014)
C. uraceus 1K98-1607 (H) KJ206525 Finland Dima et al. (2014)
C. vernalisierraensis TYPE  DBB33386 (UC) KX882652 USA Ammirati et al. (2017)
C. vernalisierraensis DBB15144 (UC) KX882653 USA Ammirati et al. (2017)

notated in GenBank. For phylogenetic analyses, both Bayesian Inference (BI) and
Maximum Likelihood (ML) methods were used. The analyses were performed with
two partitions, one including ITS1 and ITS2, the other including coding sequences
(SSU, 5.8S and LSU). The two partitions alignments were concatenated using Phyu-
tility 2.2 (Smith and Dunn 2008). Exactly identical sequences were removed from
the data matrix (Vadthanarat et al. 2017). For BI analysis, the best-fit model for each
partition was determined using the Akaike Information Criterion (AIC), implemented
in MrModeltest 2.3 (Nylander 2004). BI analysis was performed with MrBayes 3.2.6
(Ronquist and Huelsenbeck 2003). Markov Chain Monte Carlo (MCMC) chains
were run for 200,000 generations, sampling every 100th generation at which point the
average standard deviation of split frequencies was 0.00594. The first 25% of trees were
discarded to build the 50% majority rule consensus tree. ML analysis was performed
with RAXML (Stamatakis 2014) and implemented in raxmIGUI (Silvestro and Micha-
lak 2012). All parameters in the ML analysis were kept as defaults, except for choosing
GTRGAMMAI as the model of sequence evolution. For testing the support of the
branches, rapid bootstrap analysis with 1,000 replicates was chosen. The resulting phy-
logenies were visualised in FigTree 1.4.3 (http://tree.bio.ed.ac.uk/software/figtree/).

Results

Phylogenetic analyses

The dataset for phylogenetic analyses contained 60 I'TS sequences, representing 27 spe-
cies (Table 1). The combined matrix of 33 samples with 583 nucleotide sites (includ-
ing 366 informative sites) is available from TreeBASE under $26123 (study accession
URL: http://purl.org/phylo/treebase/phylows/study/TB2:526123). GTR+G and JC
were chosen as the best-fit model for ITS1+ITS2 partition and SSU+5.85+LSU parti-
tion, respectively. The BI and ML trees showed similar topologies with high statistical
support values. The ML tree was selected as the representative phylogeny (Fig. 1). The
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Figure 1. Maximum Likelihood tree inferred from ITS sequences. The tree is rooted with section Armil-
lati. Bayesian posterior probabilities (> 0.95) and ML bootstrap values (= 75%) are shown on each branch
(BPP / ML). New species in bold.

Bayesian posterior probabilities (BPP) > 0.95 and ML bootstrap values (ML) 2 75%
are shown on the branches.

The phylogenetic analyses recovered seven sections, including outgroup (Fig. 1).
Three new species were separated into individual lineages with high statistical support
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values and were distinct from their closest taxa, respectively. Cortinarius laccariphyllus
had a distinct position with other species in section Colymbadini (BPP = 1.00, MLBS =
86%). The five collections of C. neotorvus (BPP = 0.96, MLBS = 98%) formed a sister
relationship (BPP = 1.00, MLBS = 95%) with C. torvus (Fr.) Fr. in section Telamonia.
Cortinarius subfuscoperonatus (BPP = 1.00, MLBS = 100%) formed a sister relationship
(BPP = 1.00, MLBS = 99%) with C. fuscoperonatus Kithner in section Fuscoperonati.

Taxonomy

Cortinarius laccariphyllus Y. Li & M.L. Xie, sp. nov.
MycoBank No: 830780
Figures 2a, b, 3a, 4a

Diagnosis. Pileus 2.2-6.6 cm in diam., strongly hygrophanous, translucently striate.
Lamellae distant, Laccaria-like when young. Universal veil white, extremely sparse. Ba-
sidiospores 7.7-9.7 x 4.5-5.8 um. The I'TS sequences differ from the sequences of other
species of section Colymbadini by at least fifteen substitutions and eight indel positions.

Holotype. CHiNa. Jilin Province: Antu County, Liangjiang Town, Dongfang-
hong Village, broadleaf forest (Quercus mongolica dominated forest with some Juglans
and Acer), 42°42'51"N, 128°01'10"E, alt. 640 m, 5 August 2017, M.L. Xie, HM-
JAU44449, GenBank No. (ITS) MK552380.

Etymology. The name refers to the Laccaria-like lamellae when young.

Description. Pileus 2.2-6.6 cm in diam., conical when young, then convex, strong-
ly hygrophanous, reddish-brown (9E6-8), dark brown at the centre (8F6-8), margin to
half-way translucently striate, rarely fibrillose, margin thin and wavy. Lamellae subad-
nate to emarginated, distant, Laccaria-like (Laccaria laccata (Scop.) Cooke) when young,
reddish-brown (9E6-8) to rusty brown (6E8), edge slightly serrate. Stipe 4.2—-6.6 cm
long, 0.4-0.8 cm thick at apex, 0.2-0.5 cm thick at base, cylindrical to tapering towards
base, dark brown (7F6) to black brown (7F3), surface with white fibrillose when young,
these disappearing with age (excluding the base of stipe). Universal veil white, extremely
sparse, soon disappearing. Context dark brown (7F6-8), strongly hygrophanous (pileus
and stipe). Odour indistinct. Exsiccata brown (5F8) to black brown (7F5). UV fluores-
cence yellow on stipe, pileus and lamellar edge, strong at stipe base.

Basidiospores 7.7-9.7 x 4.5-5.8 um, Q = 1.43-1.84, "X = 8.0-8.5 x 4.8-5.2 pm,
'Q = 1.66-1.70 (60 spores, 2 specimens), ellipsoid to amygdaloid, moderately and
sharply verrucose, moderately dextrinoid. Basidia 4-spored, clavate, 23—-39 x 7-9 pm,
thin-walled, hyaline to olivaceous brown in 5% KOH. Lamellar edge fertile, with
cylindrical-clavate sterile cells, 1441 x 7—17 um, thin-walled, hyaline in 5% KOH.
Lamellar trama hyphae regular, pale olivaceous to olivaceous brown in 5% KOH,
finely and densely encrusted. Pileipellis: epicutis hyphae cylindrical, 4-9.5 pm wide,
dark olivaceous brown in 5% KOH, encrusted; hypocutis well developed, hyphae
11.5-53 pm wide, sub-cellular to cylindrical, slightly olivaceous in 5% KOH, finely
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Figure 2. Basidiocarps of three newly-described species. @, b Cortinarius laccariphyllus (a, b HM-
JAU44449, holotype); ¢, d Cortinarius neotorvus (¢ HMJAU44441, holotype; d HMJAU44439); e, f
Cortinarius subfuscoperonatus (€ HMJAU44444, holotype; f HMJAU44445). Scale bars: 2 cm (a, b, d—f).
Photographs by Meng-Le Xie.

encrusted. Pileus trama hyphae thin-walled, hyaline to slightly olivaceous in 5% KOH,
smooth to finely encrusted. Clamp connections present.

ITS sequence. The ITS sequences of two specimens are 534 bp long and 100%
identical. They differ from the sequences of other species of section Colymbadini (Ni-
skanen et al. 2013a; Dima et al. 2014; Ammirati et al. 2017) by at least fifteen substitu-
tions and eight indel positions.

Ecology and distribution. In broadleaf forest (Quercus mongolica dominated for-
est). Gregarious. Known from Jilin Province, China.

Additional specimens examined. CHiNA. Jilin Province: Antu County, Liangji-
ang Town, Dongfanghong Village, broadleaf forest (Quercus mongolica dominated for-
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est with some Juglans and Acer), 42°42'51"N, 128°01'10"E, alt. 640 m, 5 August
2017, M.L. Xie, HMJAU44450, GenBank No. (ITS) MK552381.

Comments. Cortinarius laccariphyllus has strongly hygrophanous basidiomata,
Laccaria-like (when young), with distantly-spaced lamellae and an extremely sparse,
white veil. Morphologically, C. nolaneiformis (Velen.) Dima, Niskanen & Liimat. is
similar to C. laccariphyllus due to the strongly hygrophanous pileus, similar coloura-
tion and similar size of spores. Cortinarius uraceomajalis Dima, Liimat., Niskanen &
Bojantchev is also similar to C. laccariphyllus because of the black brown stipe and the
striate pileus. However, both C. nolaneiformis and C. uraceomajalis have a yellowish veil
and medium-spaced lamellae and lamellae not Laccaria-like. Furthermore, C. nolanei-
formis is associated with broadleaf trees and also occurs in coniferous forest; C. uraceo-
majalis has a somewhat lighter brown pileus as well as generally smaller (av. 7.8-8.1 x
4.6-4.7 pm) and narrower (Qav. > 1.7) spores (Dima et al. 2014). In the phylogenetic
analyses, C. laccariphyllus was well separated from other species in section Colymbadini.

Cortinarius neotorvus Y. Li, M.L. Xie & T.Z. Wei, sp. nov.
MycoBank No: 835346
Figures 2¢, d, 3b, 4b

Diagnosis. Pileus 2-4.4 cm in diam., weakly hygrophanous, orange grey. Lamellae
greyish-red when young. Stipe cylindrical to somewhat tapering towards base. Univer-
sal veil greyish-yellow. Context white, sometimes with violet tinge at the stipe apex.
Basidiospores 8.5-10.2 x 5.8-6.9 pm. Lamellar edge sterile. The ITS sequence of the
holotype differs from the sequences of other species in section Telamonia by at least six
substitutions and five indels.

Holotype. CHiNa. Jilin Province: Antu County, Liangjiang Town, Dongfang-
hong Village, broadleaf forest (Quercus mongolica dominated forest with some Jfuglans
and Acer), 42°42'51"N, 128°01'10"E, alt. 640 m, 5 August 2017, M.L. Xie, HM-
JAU44441, GenBank No. (ITS) MK552384.

Etymology. The name refers to Cortinarius torvus.

Description. Pileus 2—4.4 cm in diam., hemispherical when young, then convex to
almost plane with a low, broad umbo, weakly hygrophanous, orange grey (5B2), paler
at the margin, surface with greyish-white fibrillose. Lamellae emarginate, medium-
spaced, yellowish-grey (4B2), greyish-red (9B4—6) when young, sometimes with violet
tinge when young, margin paler, slightly serrate. Stipe 4.1-10.5 c¢m long, 0.5-0.7 cm
thick at apex, 0.3-0.5 cm thick at base, cylindrical to somewhat tapering towards base,
orange grey (5B2) when moist, sometimes with violet tinge at the apex when young,
surface with richly whitish fibrillose. Universal veil greyish-yellow (4B3), copious, usu-
ally forming a girdle on the upper stipe, cortina white. Context white (A1), marbled
watery when moist, sometimes with violet tinge at the apex of the stipe. Odour indis-
tinct. Exsiccata brown (6E5) to dark brown (6F6).

Basidiospores 8.5-10.2 x 5.8—6.9 um, Q = 1.31-1.67, "X =9.0-9.9 x 6.1-6.5 pm,
*Q =1.45-1.61 (130 spores, 6 collections), ellipsoid, moderately verrucose, moderate-
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Figure 3. Basidiospores of three newly-described species. @ Cortinarius laccariphyllus ( HMJAU44449,
holotype); b Cortinarius neotorvus (HMJAU44441, holotype); ¢ Cortinarius subfuscoperonatus (HM-
JAU44444, holotype). Photographs by Meng-Le Xie.

ly dextrinoid. Basidia 4-spored, cylindrical to clavate, 27-53 x 7—12 pm, thin-walled,
hyaline to olivaceous brown in 5% KOH. Lamellar edge sterile, sterile cells cylindrical-
clavate, 11-26 x 3-9 um, thin-walled, hyaline in 5% KOH. Lamellar trama hyphae
regular, pale olivaceous in 5% KOH, smooth. Universal veil hyphae thin-walled, hya-
line to pale olivaceous yellow in 5% KOH. Pileipellis: epicutis hyphae cylindrical, 2-6
pm wide, olivaceous brown in 5% KOH, smooth; hypocutis well developed, hyphae
15-38 um wide, sub-cellular, thin-walled, hyaline in 5% KOH, smooth. Pileus trama
hyphae thin-walled, hyaline to slightly olivaceous in 5% KOH, smooth. Clamp con-
nections present.

ITS sequence. The ITS sequences of C. neotorvus are 513-515 bp long (5 collec-
tions, Table 1). All four sequences (MK552384 holotype, MK552385, MK552386
and MK552382) are identical and only MK552383 has 2 bp indels. The I'TS sequence
of C. neotorvus (MK552384, holotype) differs from the sequences of other species in
section Zelamonia by at least six substitutions and five indels.

Ecology and distribution. In broadleaf forest (Quercus mongolica dominated for-
est). Solitary or gregarious. Known from Jilin and Heilongjiang Province, China.

Additional specimens examined. China. Heilongjiang Province: Heihe
City, Wudalianchi Scenic Area, broadleaf forest (Quercus mongolica), 48°39'15"N,
126°28'18"E, alt. 290 m, 16 August 2017, M.L. Xie, HMJAU44442, GenBank No.
(ITS) MK552385; 12 August 2018, PJ. Xing, HMJAU44440; Heihe City, Shengshan
National Nature Reserve, broadleaf forest (Quercus mongolica dominated forest with
some 7Zilia and Alnus), 49°30°’N, 126°43’E, alt. 300 m, 11 September 2017, G.H.
Cheng, HMJAU44443, GenBank No. (ITS) MK552386. Jilin Province: Yanji City,
Sandaowan Town, broadleaf forest (Quercus mongolica), 43°16'10"N, 129°07'19"E,
alt. 580 m, 8 September 2018, M.L. Xie, HMJAU44437, GenBank No. (ITS)
MK552382, HMJAU44438, GenBank No. (ITS) MK552383, HMJAU44439.

Comments. Cortinarius neotorvus is easily confused with C. torvus due to highly
similar morphology. Morphologically, the lamellae of C. rorvus are adnate to sub-
decurrent and distant (Bidaud et al. 1999; Breitenbach and Krinzlin 2000; Soop
2014) and the pileus colour of C. rorvus is usually darker and with a violet tinge, as
well as the stipe usually being bulbous at the base (Consiglio et al. 2003). In mo-
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Figure 4. Margin cells of three newly-described species. @ Cortinarius laccariphyllus (HMJAU44449,
holotype); b Cortinarius neotorvus (HMJAU44441, holotype); ¢ Cortinarius subfuscoperonatus (HM-
JAU44444, holotype). Photographs by Meng-Le Xie.

lecular data, the ITS sequence of C. neotorvus (MK552384, holotype) differ from
the sequences of C. rorvus (AY669668, JX407337) by six substitutions and five
indels. In the phylogenetic analyses, the five specimens of C. neotorvus were placed
in separate monophyletic lineages (BPP = 0.96, MLBS = 90%) and formed a sister
relationship with C. torvus.

Cortinarius subfuscoperonatusY. Li & M.L. Xie, sp. nov.
MycoBank No: 830782

Figures 2e, f, 3¢, 4c

Diagnosis. Pileus 1.6-4.4 cm in diam. Context white, greyish-brown when moist.
Basidiospores 9.5-12.1 x 7.9-9.7 um. The ITS sequence of the holotype differs from
other species in section Fuscoperonati by at least six substitutions and six indels.

Holotype. CHiNa. Gansu Province: Zhangye City, Minle County, Gansu Qil-
ianshan National Nature Reserve, coniferous forest (Picea crassifolia), 38°17'55"N,
100°45'54"E, alt. 2860 m, 9 August 2018, M.L. Xie, HMJAU44444, GenBank No.
(ITS) MK552387.

Etymology. The name refers to its affinity to Cortinarius fuscoperonatus.

Description. Pileus 1.6-4.4 cm in diam., hemispherical when young, then low
convex, weakly hygrophanous, pale greyish-brown (6C3), sometimes reddish-brown
(9E5-9E6) to dark brown (6F6-6F8), surface with greyish-brown fibrillose, margin
wavy with age. Lamellae emarginate, medium-spaced, reddish-brown to rusty brown
(7D6-7E7), margin even when young, then slightly serrate. Stipe 2.3-7.5 cm long,
0.8-1.3 cm thick at apex, 1.5-2.5 cm thick at base, clavate, white to pale grey (E2),
mycelium white at the base. Universal veil greyish-brown (6C2), rich, usually forming
an annular band on the middle part and distinct belts or zones lower down. Context
white (A1), greyish-brown (7F8) and marbled watery when moist, strongly hygropha-
nous near pileus and lamellae. Odour somewhat radish-like. Chemical reaction: pileus
and context (fresh basidiomata) are dark black brown (8F3) with 10% KOH. Exsiccata
brown (6E5) to dark brown (6F5).
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Basidiospores 9.5-12.1 x 7.9-9.7 pm, Q = 1.10-1.45, *X = 10.3-11.2 x 8.0—
8.6 um, 'Q = 1.24-1.33 (135 spores, 5 collections), subglobose to broadly ellipsoid,
moderately to strongly verrucose, strongly dextrinoid. Basidia 4-spored, clavate, 35-58
x 1013 pm, thin-walled, hyaline to olivaceous brown in 5% KOH. Lamellar edge
fertile, with cylindrical-clavate sterile cells, 13-27 x 6-11 um, thin-walled, hyaline
to slightly olivaceous yellow in 5% KOH. Lamellar trama hyphae regular, pale oli-
vaceous to olivaceous brown in 5% KOH, smooth. Pileipellis: epicutis hyphae cylin-
drical, 4-12 pum wide, slightly olivaceous brown to olivaceous brown in 5% KOH,
some hyphae finely encrusted; hypocutis well developed, hyphae 24-89 x 15-29 um,
sub-cellular to sub-cylindrical, thin-walled, hyaline to slightly olivaceous brown in 5%
KOH, smooth. Pileus trama hyphae almost thin-walled, hyaline in 5% KOH, smooth.
Clamp connections present.

ITS sequence. The ITS sequences of C. subfuscoperonatus are 524525 bp long (5
collections, Table 1) and distinct from other members of section Fuscoperonatus. The
ITS sequence of C. subfuscoperonatus (MK552387, holotype) differs from C. fuscopero-
natus by six substitutions and six indels.

Ecology and distribution. In coniferous forest (Picea crassifolia dominated forest).
Solitary or gregarious. Known from Gansu Province, China.

Additional specimens examined. CHINA. Gansu Province: Zhangye City,
Minle County, Gansu Qilianshan National Nature Reserve, coniferous forest (Pi-
cea crassifolia), 38°17'55"N, 100°45'54"E, alt. 2860 m, 9 August 2018, M.L. Xie,
HMJAU44445, GenBank No. (ITS) MK552388; Zhangye city, Su'nan Yugu Au-
tonomous County, Gansu Qilianshan National Nature Reserve, coniferous for-
est (Picea crassifolia dominated forest, occasionally with Juniperus), 38°44'57"N,
99°47'56"E, alt. 3010 m, 10 August 2018, M.L. Xie, HMJAU44446, GenBank
No. (ITS) MK552389, HM]JAU44447, GenBank No. (ITS) MK552390; Zhangye
city, Su'nan Yugu Autonomous County, Gansu Qilianshan National Nature Re-
serve, coniferous forest (Picea crassifolia dominated forest, occasionally with Juni-
perus), 38°33'13"N, 100°41'75"E, alt. 2700 m, 11 August 2018, M.L. Xie, HM-
JAU44448, GenBank No. (ITS) MK552391.

Comments. Cortinarius subfuscoperonatus corresponds well to the characteristics
of section Fuscoperonati, with weak hygrophanous pileus, an annular band on the
middle stipe and distinct belts or zones lower down, large spores (> 10 pm long) and
grow in coniferous forests. Cortinarius fuscoperonatus was previously placed in sec-
tion Bovini M.M. Moser (Bidaud et al. 2009; Soop 2014) and Armillati (Brandrud
et al. 1992), until Niskanen et al. (2015) placed it in section Fuscoperonati. Corti-
narius subfuscoperonatus has remarkably similar morphological characteristics to C.
fuscoperonatus, apart from the spores of C. fuscoperonatus being narrower (9.7-11.6
x 6.6—7.7 um), the pileus being chocolate brown to blackish-brown and being fine
fibrous to fine scaly (Schmidt-Stohn et al. 2017). In addition, C. subfuscoperonatus
formed a sister relationship with C. fuscoperonatus and was well separated according
to the phylogenetic analyses. C. subfuscoperonatus could be considered as the second
species in section Fuscoperonati.
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Key to new species and morphologically-similar species in sections Colymbadini,
Telamonia and Fuscoperonati

1

Basidiomata medium. Pileus more or less brown, strongly hygrophanous.
Stipe usually cylindrical. Universal veil sparse. With positive yellow UV reac-
tion. Associated with coniferous and/or broadleaf trees. Spores ellipsoid to
amygdaloid ... (section Colymbadini) 2
Basidiomata medium to large. Pileus more or less brown and hygrophanous.
Stipe cylindrical to clavate. Universal veil white to greyish-yellow, sometimes
with violet tinge, usually forming a ring at the middle stipe. Associated with
coniferous and/or broadleaf trees ..........ccocvevvriennnnnen. (section Telamonia) 3
Basidiomata medium to large. Pileus brown and weakly hygrophanous. Stipe
clavate to slightly bulbous. Universal veil greyish-brown to blackish-brown.
Associated with coniferous trees. Spores subglobose to ellipsoid, moderately
L0 SLIONGlY VEITUCOSE ....vuveieiiiiiciiiciiiices (section Fuscoperonati) 4
Pileus strongly hygrophanous, reddish-brown to dark brown, surface trans-
lucently striate. Lamellae distant, Laccaria-like when young. Stipe cylindri-
cal to tapering towards base, hollow. Universal veil white, extremely sparse.
Odour indistinct. Positively yellow UV fluorescence (exsiccata). Associated
with broadleaf trees. Spores ellipsoid to amygdaloid, on average 8.0-8.5 x
4.8=5.2 PN oo s C. laccariphyllus
Pileus strongly hygrophanous, yellowish-brown to brown, margin striate. La-
mellae medium-spaced. Stipe cylindrical to tapering towards base, not hol-
low. Universal veil yellow, very sparse. Odour similar to raw vegetables. Usu-
ally yellow UV fluorescence at stipe. Associated with broadleaf trees. Spores
amygdaloid to narrowly amygdaloid, on average 7.8-8.1 x 4.6-4.7 um........
.......................................................................................... C. uraceomajalis
Pileus strongly hygrophanous, dark greyish-brown to dark brown, margin
slightly striate. Lamellae medium-spaced to fairly distant, margin whitish
when young. Stipe cylindrical to clavate, sometimes tapering downwards,
sometimes hollow. Universal veil yellow. Strong yellow UV fluorescence at
stipe, dull yellowish-brown at pileus, lamellae and context. Associated with
coniferous and broadleaf trees. Spores amygdaloid to weakly ellipsoid, on
average 8.1-8.6 x 4.8-5.1 tM....c.ceiuivininiicniiiiieeccne C. nolaneiformis
Pileus pale greyish-yellow, paler at the margin, weakly hygrophanous. Lamel-
lae emarginate, medium-spaced, greyish-red when young, sometimes with vi-
olet tinge. Stipe cylindrical to somewhat tapering towards base, pale greyish-
yellow. Odour indistinct. Spores ellipsoid, on average 9.0-9.9 x 6.1-6.5 um
................................................................................................. C. neotorvus
Pileus greyish-brown to chestnut brown, usually with violet tinge at the mar-
gin, weakly hygrophanous. Lamellae adnate, subdecurrent to distant, greyish-
brown, with violet tinge. Stipe clavate, usually bulb at the base. Odour acidu-
lous. Spores ellipsoid, 8—10.5 x 6—7 pM.....ccccovviiuiiiiiiiiiiiiiicne C. torvus
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4 Pileus pale greyish-brown, sometimes reddish-brown to dark brown, margin
wavy with age, with greyish-brown fibrillose. Stipe clavate. Spores subglobose
to broadly ellipsoid, on average 10.3-11.2 x 8.0-8.6 pm.......cccoovvvrviriinnnnnns
................................................................................... C. subfuscoperonatus

- Pileus chocolate brown to blackish-brown, pale greyish-brown at the edge,
fine fibrous to fine scaly. Stipe clavate, with a bulb at the base. Spores ellipsoid
to broadly ellipsoid, 9.7-11.6 x 6.6-7.7 pm..........cc....... C. fuscoperonatus

Discussion

Cortinarius is the most species-rich genus of Agaricales, with most of the described spe-
cies distributed in the Northern Hemisphere. However, so far, little has been done on
Cortinarius taxonomy in north-eastern Asia or even in the whole of Asia, leaving an im-
portant gap in our knowledge of this genus (Horak 1983). The flora of northern China
has a strong affinity shared with the circumboreal areas of Europe and western North
America but also harbours some floristic elements with a tropical and subtropical af-
finity (Wu 1979). Some Cortinarius species in northern China are the same as those
in Europe and western North America (e.g. Xie 2018; Cheng et al. 2019; Wei and Liu
2019). However, there are also some endemic species in China (Wei and Yao 2015;
Xie et al. 2019). Thus far, only 229 Cortinarius species (about 10% in the world) have
been reported in China. Therefore, studies focusing on Chinese Cortinarius are needed.

In this study, we described the phylogenetic relationships amongst the three new
species and other species, based on the ITS sequences. However, multiple genes should
be used in future studies to describe more complex phylogenetic relationships in Cor-
tinarius, which some mycologists have conducted. Peintner et al. (2002) assessed the
phylogenetic relationships of Rozites, Cuphocybe and Rapacea by molecular phyloge-
netic approaches, based on ITS and LSU. Freslev et al. (2005) analysed the phylogeny
of Cortinarius subgenus Phlegmacium, a taxonomically difficult group, based on ITS,
RPBI1 and RPB2. They speculated that the sequences from RNA polymerase II genes
have the potential for resolving the phylogenetic problems of Cortinarius. Later, the
study of Freslev et al. (2007) showed that the delimitation of species, based on ITS
sequences, is more consistent with a conservative morphological species concept and
there is considerable potential for using ITS sequence data as a barcode for section
Calochroi. Soop et al. (2019) studied the global supraspecific taxonomy of Cortinarius
by the phylogenetic approach, based on ITS, LSU, RPB1 and RPB2. Both ITS and
LSU datasets and ITS, LSU, RPB1 and RPB2 datasets showed satisfactory results.
Although phylogenetic analyses of Cortinarius have made significant progress in Eu-
rope, North America and even in Australasia, few phylogenetic analyses of Cortinarius,
based on Chinese materials have been carried out. According to our analysis of ITS
data, there are presently less than 200 accessions (excluding sequences obtained from
mycorrhiza) from China in GenBank. Thus, the dedicated collection of specimens and
studying the phylogeny of Cortinarius, based on the ITS or, preferably, multiple genes,
are important contributions to the global phylogenetic framework of Cortinarius.
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In the original article, the herbarium code of the Senckenberg Museum of Natural
History Gérlitz, Germany, was wrongly cited as GLMC. The correct herbarium code
of the institution is GLM.

We combined Margarinomyces bubakii in the genus Cadophora. This was not com-
pliant with the International Code of Nomenclature for algae, fungi and plants ar-
ticle E5.1 (Turland et al. 2018), because a registration identifier was lacking, which is
compulsory since 1 January 2013. The combination is now validated by providing the
MycoBank number below.
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Taxonomy

Cadophora bubakii (Laxa) Damm & S.Bien, comb. nov.
MycoBank No: 835799

Margarinomyces bubakii Laxa, Centralbl. Bakteriol. 2. Abth. 81: 392. 1930. (Basionym)
= Phialophora bubakii (Laxa) Schol-Schwarz, Persoonia 6 (1): 66. 1970.
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